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Combination of Wool Protein 
with Acid and Base: 
The Effect of Temperature on the Titration Curve 


JACINTO STEINHARDT, CHARLES H. FUGITT, and MILTON HARRIS* 


ABSTRACT 


A description has previously been given of the rela- 
tion between the amounts of hydrochloric acid and of 
potassium hydroxide bound by wool and the concen- 
tration of these substances in solution. These measure- 
ment were made at 0° C. in order to avoid complications 
due to decomposition. However, when wool is exposed 
to acid or base in the course of carbonizing, acid- 
dyeing, milling, and scouring much more elevated 
temperatures prevail. It is therefore desirable to 
determine the temperature dependence of the relations 
previously described. It is also desirable to compare 
the relative magnitudes of the effect of temperature 
on the amounts of acid and on the amounts of base 
combined, in order to establish the correctness of 
assumptions as to the mechanism of combination pre- 
viously made in explaining the results obtained at 0° C. 

With the purpose of providing this information, 
measurements of the amounts of hydrochloric acid and 
potassium hydroxide bound by wool as a function of 
acidity and salt concentration, at 0°, 25° and 50° C., 
are now reported by research associates of the Textile 
Foundation working at the National Bureau of Stand- 
ards. In order to eliminate effects due to decomposition 
of the wool in alkaline solutions, a study was also made 
of the effect of temperature on the rate of decomposi- 
tion of the wool. The results obtained support the 
assumption previously made that the carboxyl groups 
and amino groups of wool in the uncombined state are 
completely ionized. This conclusion follows from the 
observation that changes in the amounts of acid bound 
brought about by changes in temperature are small, 
which indicates that combination with acid is equivalent 


to back-titration of the carboxyl groups, but changes’ 


in the amounts of base bound at a given hydrogen ion 
concentration are large, which indicates that combina- 
tion with base is equivalent to back titration of amino 
groups. Similar results obtained on analogous com- 
pounds render it probable that the direction of the 
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temperature effect on the curve of acid combination 
reverses at a temperature near 40° C. Thus curves at 
temperatures used in dyeing are probably not far 
different from the curves at 0° C., which have been 
studied in most detail. 

The heats of dissociation calculated from the mag- 
nitudes of the changes with temperature in the curves 
of combination for the two kinds of groups, are in 
good agreement with values for these groups in com- 
parable compounds, and in soluble proteins. The value 
obtained in the acid range is also in good agreement 
with the results of calorimetric measurements on the 
combination of acid by wool. 

It is shown that approximately equal parts of the 
total heat changes in the acid range are associated 
with the dissociation of hydrogen ions and of chloride 
ions from the fiber. An appreciable part of the total 
heat effect is ascribed to a heat of transfer of the 
ions between the two phases of the heterogeneous 
titration system. Neither titrimetric nor calorimetric 
estimations of the heats of dissociation provides evi- 


dence for or against the existence of salt linkages in 
wool. 


I. INTRODUCTION : 
EASUREMENTS of the dependence on pH 
and salt concentration of the amounts of hydro- 
chloric acid and potassium hydroxide bound by 
wool at 0° have been described in an earlier publication 
by two of the present authors”®. The proposed theoretical 
analysis of these measurements was based on the assump- 
tions (1) that in the uncombined state the carboxyl 
groups and basic groups are completely ionized, i.e., the 
hydrogen atoms of the carboxyl groups have been trans- 
ferred, with their positive charges, to the amino and 
guanidino groups, leaving negatively charged carboxylate 
groups and positively charged alkylammonium groups; 
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(2) that when the protein combines with hydrogen ions it 
also forms partially dissociated stoichiometric complexes 
with negative ions, (e.g., Cl-), and when it combines 
with hydroxyl ions, it forms similar complexes with posi- 
tive ions (e.g., K*). The first assumption is equivalent 
to postulating for the protein the same zwitterion* struc- 
ture originally proposed for amino-acids and certain other 
ampholytes by Adams! and by Bjerrum? and now almost 
universally adopted as the result of the researches of 
Bjerrum’, Harris and Birch, Wyman**, Cohn and _ his 
collaborators’, and others. The purpose of the present 
paper is to adduce evidence justifying application of the 
dipolar ion concept to wool protein. Experiments de- 
signed to further justify and extend the second and less 
familiar assumption are at present in preparation for 
publication. 

it was pointed out by Bjerrum that the effects of 
temperature on the dissociation constants of the alpha- 
amino-acids furnished an indication of their existence as 
dipolar ions. Since the publication of Bjerrum’s paper 
this criterion has been made use of in the study of 
proteins as well as of amino-acids by Pertzoff and Car- 
penter (casein)**, and by Wyman (hemoglobin )**. Changes 
in temperature were observed to have very small effects 
on the parts of the titration curves of these proteins which 
lie on the acid side of neutrality, but the effects on the 
alkaline side were very considerable. These results may 
be understood if these proteins are, like their constituent 
amino-acids, dipolar ions, since then the addition of alkali 
to their solutions serves mainly to remove hydrogen ions 
from amino groups, the dissociation constants of which 
are very dependent upon temperature. 

Measurements of the effects of temperature on the 
titration curves of wool keratin, presented in the present 
paper, lead to the same conclusion. They also offer a 
means of evaluating the energy changes accompanying 
the associations of anions and cations, postulated in assump- 
tion 2. It is a consequence of this assumption that the 
anions of different acids should be characterized by 
different affinities for wool (i.e., this affinity is inversely 
related to the degree to which they dissociate under stand- 
ard conditions). The existence of these postulated dif- 
ferences in affinity would be manifested by different 
positions with respect to the pH coordinates of the titration 
curves of wool obtained with different acids**. The 
differences in affinity, if sufficiently large, would be accom- 
panied by varying degrees of sensitivity of the respective 
titration curves to changes in temperature. While an 
inverse relation between the magnitudes of dissociation 
constants and the heats of the corresponding dissociations 
is not regular or exact, it is so general that the demonstra- 





*In the remainder of this paper the term “dipolar ion” is 
substituted for “zwitterion” in conformity with recent American 
usage’ 7, 

+It has been demonstrated™: ® that very wide difference do indeed 
exist between the affinities of the anions of various acids for wool, 
and for other proteins. 

**In the case of acid dyes this affinity is directly related to 
fastness to washing and to alkalies. 
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tion of an increased temperature dependence of the titra- 
tion curve with ions of high affinity should be an essential 
part of the experimental validation of the second assump. 
tion. Because of the wide use of hydrochloric acid by 
all investigators of the acidic and basic properties of wool 
as well as of other proteins, and because the data with 


this acid are unusually complete, it is convenient to refer } ture: 
all comparisons of the titration curves of wool with other | 0.5 
acids to the common basis of its titration curve with | diffe 
hydrochloric acid, and to express the affinities of the | in F 
anions of other acids in terms of the affinity of wool for | diff 


chloride ions. For this purpose one needs not only 
titration data with hydrochloric acid at a single tempera- 
ture, such as have already been described*®, but also 
measurements of the effect of temperature on the same 
equilibrium, as given in the present paper. In order to 
obtain accurate data in solutions of alkaline pH, at which 
decomposition of the disulfide bonds occurs very rapidly at 
room temperature, it has also been necessary to investigate 
the lability of this bond as a function of temperature as 


well as of pH and concentration of ions. 
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Irrespective of what views may be entertained as to 
the nature of the equilibria involved in the titration of 
wool with acid or base, it is desirable to appraise any 
effect which may be produced on the normal temperature 
dependence of a protein titration curve by the circumstance 
that the titration system exists in two phases. With this 
information at hand it should be possible to determine the 
relationship of the detailed titration measurements pre- 
viously obtained at 0° C. to the phenomena of combination 
of acid and base by wool at the elevated temperatures 
which prevail when wool is exposed to acid or base during 
carbonizing, acid-dyeing, scouring, and milling. If an effort 
is to be made to relate the equilibria in such a process as 
acid-dyeing to the acid-base equilibrium between wool and 
an inorganic acid, the latter must be defined at the 
temperature at which the process in question is normally 
carried out. 


II. EXPERIMENTAL PROCEDURE 


Details of the preparation of materials and of most of 


Kon - 


d 

the methods used in the present investigation have already | 9 
been described*®. Modifications in the procedures, or | p 
considerations bearing on their applicability to measure- | } 
ments made at high temperatures are described in detail | , 
elsewhere. t 
III. RESULTS AND DISCUSSION ' 
Measurements of the combination of wool with both ] | 


hydrochloric acid and potassium hydroxide as a function 
of pH were made at 0° C, 25° C, and 50°C. Sets of meas- 
urements were made with solutions which contained no 
added salt, and with solutions to which a neutral salt, po- 
tassium chloride, had been added in quantities sufficient to 
maintain predetermined constant concentrations of chloride 
ions in the experiments with acid, and constant concen- 





tA more extended version of this paper, containing experimental 
details and tables of data, appears in the Journ. of Research of the 
National Bureau of Standards for November, 1940. 
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titra. | trations Of potassium ions in the experiments with base. 
sential | Two constant ionic concentrations, 0.2 M and 0.5 M marae — 
Sump- | were used. A fourth temperature, 40° C, was included = 
cid by | among those at which measurements of combination with 

f wool | acid were made in the series of solutions to which no 
1 with | salt was added, and 25° was omitted from the tempera- 
refer | tures at which measurements were made in solutions of 
other | 0.5 M ionic strength. The results obtained in the three 
- with | different sets of measurements are represented graphically 
of the | in Figures 1, 2, and 3, in each of which results obtained at 
ol for | different temperatures in a given ionic environment are 
t only 
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Fig. 2—Combination of wool with hydrochloric acid and with 
potassium hydroxide as a function of pH and temperature, at 
0.2 M ionic strength. 
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th this | Fig. 1—Combination of wool with hydrochloric acid and with 
ne the potassium hydroxide as a function of pH and temperature, in 

the absence of added salt. The difference between the solid 
S pre- lines and the broken lines is explained in the text. 


nation ; ’ 
atures | ‘irectly compared. In each figure, the points on the alkaline 


during side of neutrality connected by the broken curves represent 
effort | measurements of base bound calculated in the accustomed 
ess & way’, from determinations of changes in the titer of Fig. 3—Combination of wool with hydrochloric acid and with 
ol and | alkaline solutions in which samples of wool have been Potasstum ee oy and temperature, at 
at the | immersed for approximately 24 hours. The points imme- ; ‘ 
rmally diately above each of these, connected by the solid curves, two crosses at the same pH, shows the calculated amount 
“ | represent the same measurements after application of the of base combined when no account is taken of the base 
corrections for the effects of disulfide breakdown discussed bound by acid groups formed in the fiber as the result of 
in Section II. The necessity of making corrections for hydrolysis of disulfide bonds; the upper cross represents 
disulfide hydrolysis when working at temperatures near the same measurement properly corrected. The crosses 
0° and 25° C. has already been demonstrated’*® *®. The representing the corrected measurements all fall very 
present measurements show that the errors which would | slightly above the solid curves, which indicates that the 
be introduced by neglecting to take disulfide hydrolysis into time allowed was somewhat short of that required for the 
account are even more serious at 50° C. than at the lower attainment of equilibrium. Since less decomposition occurs 
temperatures. Thus, the positions of the broken curves, in the shorter time interval, the uncorrected measurements 
representing measurements made after 24 hours, are in lie considerably higher than the corresponding broken 
1 both | Part fortuitous and depend in a high degree on the length curves, and relatively much closer to the corrected data. 
netion | Of time during which the wool is immersed in the experi- It is clear that the corrections applied to the data obtained 
meas- | Mental solutions. Points representing the corrected in alkaline solutions yield a much closer approximation 
ed no | Measurements, however, always fall on or near the to measurement of an acid-base equilibrium which is in- 
It, po- appropriate solid curve, regardless of the time elapsing dependent of time than do the uncorrected data, and that 
‘ent to | before the solutions are sampled, provided that sufficient it is the corrected rather than the uncorrected data which 
iloride | time has been allowed for attainment of equilibrium. These should be used in the comparison of the results obtained 
oncen- | Statements are illustrated by sets of measurements, rep- at different temperatures. 
resented by crosses, made after the wool has been immersed It is apparent that the rate of decomposition increases 
in the experimental solutions for three or four hours in sharply as the temperature is raised. Thus, it can be seen 
place of the longer period. The lower of each pair of in Fig. 1, representing measurements made after 24 hours, 
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that only negligible amounts of decomposition occur at 0° 
C. at pH values up to 13.5. At 25° C. practically all the 
disulfide bonds are hydrolyzed at this pH within the same 
interval of time. At this temperature, considerable decom- 
position within 24 hours cannot be detected at pH values 
below 12.1, at which pH values decomposition is again 
practically complete at 50° C. within the same period 
of time. Comparable large differences between the rates 
of decomposition at each of the same temperatures can 
be seen in Figs. 2 and 3. 

The principal qualitative features of the comparison of 
the data obtained at different temperatures are common 
to all three sets. They are most readily distinguished in 
Fig. 1 in which the steepness of the titration curves 
obtained in the absence of salt results in a sharp distinction 
between the positions on the pH axis of the curves obtained 
at each temperature. It is apparent on inspection that the 
curves represented are relatively well-separated with re- 
spect to position on the pH axis at the alkaline end of the 
scale (reference is here had to the solid curves), but that 
their positions differ only very slightly in neutral and acid 
regions of pH. Indeed, the separation between the curves 
of acid-combination is so small in the temperature interval, 
25° C. to 50° C., that only a single curve has been drawn 
through the points representing measurements made at 
25° C., 40° C., and 50° C. Between 0° C. and 25° C., 
however, an appreciable difference in the position of the 
curves is found; it is in the same direction as the shift 
recorded in the alkaline range of pH, but it is a good deal 
smaller. In the intermediate range of pH values the 
differences in the positions of the titration- curves are 
more difficult to evaluate, because of the very large change 
in pH which is required to produce a small increment in 
acid or base bound, and because pH measurements are 
least accurate in the extremely unbuffered solutions in 
this region of pH. The best estimates which can be made 
from the figure indicate a shift in the abscissae of the 
points in the same direction as in the other parts of the 
curves, as the temperature is increased. This shift is 
intermediate in magnitude between the small effect in the 
acid region and the much larger effect in the most alkaline 
range. Its exact magnitude is so uncertain, however, 
that no effort is made to evaluate it in the sections that 
follow. 

The flatness of the titration curve determined in the 
absence of salt also renders the precise pH value at which 
neither hydrochloric acid nor potassium hydroxide is 
bound rather uncertain. In an earlier paper, the opinion 
was ventured that this value was probably very nearly the 
same in the absence of salt as in its presence, approxi- 
mately 6.4. More numerous determinations in this region 
now make it appear that in the absence of salt, the pH at 
zero combination is in the range 4.7-5.1 where it has been 
placed by Speakman and others. 

The well-marked differences in the relative magnitudes 
of the effects of temperature on the three main parts of 
the titration curves appear to be as characteristic of 
proteins, as of their constituent amino-acids, as the re- 
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calculation of the data of Hoffman and Gortner on casein 
by Pertzoff and Carpenter’ **, and the work of Wyman 
on horse hemoglobin*® have shown. They are entirely 
consistent with the assumption previously made that the 
carboxyl and amino groups of the uncombined protein 
are completely ionized. The effect of temperature on the 
acid branch of the titration curve is small because the 
heats of dissociation of carboxyl groups are, in general, 
very small. The values for different carboxylic acids 
are distributed about zero, so that the sign of the heat 
may be either positive or negative, depending on the 
identity of the carboxylic acid in question, and on the 
temperature. The changes in heat content accompanying 
the dissociation of hydrogen ions from the conjugate 
acids of imidazole and substituted ammonium bases are, 
on the contrary very considerable; some 6,000 calories in 
the case of imidazole groups and from 9,000 to 14,000 
calories in the case of amino groups’. The values of the 
heats of dissociation of certain of the groups in wool may 
be estimated from the differences in the abscissae of the 
curves represented in the figure. This is done for the two 
main regions of the titration curves on either side of 
neutrality, in the discussion that follows. No effort is 
made to treat separately the effect of temperature in the 
neutral region for the reasons already given, and because 
the amount of imidazole groups (from histidine) in wool 
is known to be very small*?, 
1. Data Obtained in the Absence of Salt 

a. Combination with Acid— 

The existence of an appreciable difference between the 
positions of the acid combination curves at O° C. and 
25° C., combined with the absence of any clearly dis- 
tinguishable differences between the curves at 25°, 40° and 


50°, probably is an indication that the dissociation con- | 


stants of the carboxyl groups of the protein attain a 
maximum value in the temperature interval 25°-50° C.,, 
and thus probably diminish at higher temperatures. The 
existence of a maximum value of the dissociation constant 
in the temperature range of this investigation is a common 
characteristic of carboxylic acids’*»1*. For these acids 
the curve relating the dissociation constant to temperature 
has a very flat maximum, but becomes steeper (the dis- 
sociation constant acquires an increasing dependence on 
temperature) at temperatures farther from the temperature 
of the maximum!*. The temperature of the maximum is 
about 25° C. for formic acid and acetic acid, but diminishes 
as the hydrocarbon chain attached to the carboxyl group 
lengthens ; it is not far from 10° C. in the case of n-butyric 
acid'*. A more cogent comparison is with the constants 
characterizing the dissociations of the carboxyl groups of 
the amino-acids. No maxima have been found with 
glycine and alanine, which have been investigated at 
temperatures up to 40° and 45°, respectively, but Harned 
and Embree have shown that with these amino-acids the 
variation of the dissociation constant with temperature 
at temperatures down to 10° C. closely parallels the 
variation of the constants characterizing the simple ali- 
phatic acids at lower temperatures, and indicates a maxi- 
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mum value of their dissociation constants at temperatures 
just above 40°. This is very close to the temperature of 
the maximum suggested by the present data. 

Since the degree of dependence of the dissociation con- 
stants of carboxylic acids on temperature itself depends 
on temperature, little is gained by comparing the heats of 
dissociation of these groups in wool within any one tem- 
perature interval with similar quantities for related sub- 
stances such as the amino-acids. In the interval of tem- 
perature O°C.—25°C. the average heat of dissociation of 
the carboxyl group of glycine is practically zero, of alanine 
is —450 calories, of glycylclycine and of glycylalanine is 
—600; in aspartic acid, A\ Ho”® (the average heat of disso- 
ciation between O° and 25° C.) for the carboxyl group 
next to the amino group is +1600; for the same group 
in glutamic acid it is +1900. The values of A Ho” of 
the Y and 6 carboxyl groups, of these amino acids are 
2100 and 1040 calories respectively®. Since the latter are 
the carboxyl groups which are presumably free in proteins 
to react with base, the acid branch of protein titration curves 
should be determined by the number of these groups and 
their properties. 

Certain complications enter into the calculation of A H 
from titration data in the case of proteins, because they are 
polybasic. AH may be calculated from the shift in the 
abscissae of the titration curves of a monobasic acid or 
base, or of a polybasic acid with dissociating groups which 
have widely different strengths, because for such acids the 
difference in pH at which a given amount of base or acid 
is bound at two different temperatures represents the loga- 
rithm of the ratio of the dissociation constants of a single 

Ks 
acidic or basic group (A. pH = —log — = A log K).* 


1 
From this change in K produced by a change in tempera- 


ture, it is possible to calculate the average value of A H 
in the same interval of temperature by means of the in- 
tegrated form of the Van’t Hoff equation: 


Ye te XE. 
A = 4.5787 - .A log K (1) 
: T.—T, 
The values cited above have been so calculated. It has 


been shown by Simms**, Weber®’, von Muralt®*, and others 
that the titration curves of polybasic acids which contain 
identical dissociating groups far enough apart from one 
another in the molecule to have no influence on one an- 
other’s dissociation may be described by an expression 
which is functionally identical with the law of mass action 
for a monobasic acid. For such hypothetical acids, the 
molal A H per dissociating group may be calculated ex- 
actly as in the simpler cases described above, by means 
of the relationship A pH = — A log K. This can even 


*The use of pH differences and of ratios of constants avoids 
practically all of the theoretical difficulties that arise in attempting 
to evaluate the constants themselves from titration data alone. 
Thus AH can be calculated more simply and more certainly than 
any single value of K. The only factor left out of account in 
this method of calculation is the change of activity coefficients 
with temperatures, of ions other than the hydrogen ions, but the 


temperature dependence of such activity coefficients is known to 
be very small. 
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be done in certain other cases when no restriction is 
placed on the interrelationships of the values of all the K’s, 
as Wyman has shown in a general and mathematically rig- 
orous analysis of the effect of temperature on the titration 
curves of polybasic acids. Wyman came to the conclusion 
that in any region of pH in which A pH is practically 
independent of pH, A pH can be equated to —A log K 
for some one dissociating group or set of groups with a 
good degree of approximation.} Calculation of A H from 
A pH in regions of transition from one constant value of 
A pH to another does not correspond to any one set of 
similar dissociation equilibria, and gives values intermediate 
to those characterizing the homogeneous sets of dissociating 
groups in the pH regions on either side of the region of 
the transition. 

Thus by making the reasonable assumption that the 
titration curves of proteins are determined by the relative 
acid strengths of distinct, essentially non-overlapping, sets 
of similar dissociating groups one may obtain values of 
A log K in each of the two main regions of pH values 
of the present data for wool and compare them with simi- 
lar results obtained by Pertzoff and Carpenter with casein, 
and by Wyman with hemoglobin. The results of this com- 
parison, and a comparison of the corresponding values of 
A H, are given in Table 1. 


TABLE 1 
Calculation of Average Heats of Dissociation of Carboxyl 
Groups in Wool and Other Proteins, in the Absence of Salt 
pH Range AH if 











Protein Studied Temperature AfH —APpH=AlogK 
cE. Calories per Mol 
Wool 1-5 0-25 0.16 +2380 
25-50 +0.03 +500 
Horse 4.3-6 6.5-25 —2000 to —3000 
Hemoglobin 25-37.5 
*Casein 2-5 22-35 +0.1 +3000 


*The data on casein are subject to considerably larger uncertainties than the 
data for the other two proteins. 





It is apparent that the heat of dissociation of the acid 
groups of wool in the lower temperature interval is very 
close to the values that characterize carboxyl groups in 
dibasic amino acids, albeit slightly higher. In the higher 
temperature interval the heat of dissociation is very much 
smaller, as it must be in the region of a maximum value of 
K where A H approaches zero. The values found with 
casein agree with those for wool as closely as should be 
expected, considering the low intrinsic accuracy of the 
casein data, and the fact that different ranges of tempera- 
ture were used. The data of Wyman for horse hemoglobin 
do not extend below pH 4.3, and thus cover only a small 
fraction of the range of the present comparison. Over this 
range the sign of A pH is opposite to that of the values 
of A pH characterizing the data for wool and indicates a 
negative heat of 2,000 to 3,000 calories. This difference 
in sign is not as important for the purpose of the pres- 
ent comparison as is the small magnitude of AH. This 
qualitative agreement acquires further significance when 
the comparison is extended to other regions of pH where 





yUnless groups possessing distinct values of A H chance to possess 
the same dissociation constants. In this case, the average heat 
of dissociation for all the groups would be given. 
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the heats of dissociation of all three proteins are much 
larger. A possible explanation of the difference in sign 
between the results with wool and with hemoglobin is sug- 
gested later in this paper. 

The fact that the dissociation constants of the carboxyl 
groups of wool have a maximum value at a temperature 
near 40° has an important consequence in relating the 
titration data reported in this paper to the acidic proper- 
ties of wool at the high temperatures, near the boiling 
point of water, to which wool is exposed in dyeing. At 
these high temperatures the position of the titration curve 
on the pH coordinate which describes the combination of 
wool with acid, is probably near its position at 0°, the 
temperature at which the influence of various factors has 
been studied in greatest detail*®. 

b. Combination with Base: 

On the alkaline side of neutrality, the titration curves 
of wool at the different temperatures are widely separated 
and show every indication of being nearly, if not exactly,* 
parallel at pH values above 10. Two nearly equal inter- 
vals with respect to the pH axis separate the curves for 
the three different temperatures. 

In calculating values of A H for the acid branch of the 
titration curve, it was possible to proceed on the approxi- 
mately valid assumption that only carboxyl groups, from 
aspartic and glutamic acids, determined the course of this 
part of the curve. On the alkaline side of the curve disso- 
ciation equilibria of two widely dissimilar basic groups, 
the e-amino groups of lysine and the guanidino groups of 
arginine, as well as the dissociation of one acid group, 
the phenolic radical of tyrosine, might all be involved with- 
in a narrow range of pH. The relation of A pH to A log 
K for any one of these sets may therefore be fairly com- 
plex. Because the curves appear to be nearly parallel over 
a wide range, however, one may follow the procedure 
justified by Wyman, substituting values of —A pH in 
place of log K in eq. 1, for each interval of temperature. 
The results of this treatment of the data are represented 
in Table 2, in which it is apparent that a fairly uniform 





TABLE 2 
Calculation of Average Heats of Dissociation of Groups in Wool 
Dissociating at pH Values Above 6 





0°-25° C. 25°=50° C. 
Base Bound Base Bound 
perg —A?PH AH", per g. —APpH AH™s 
Millimoles | Millimoles 
0.1 0.75 11,190 | 0.1 1.47 25,820 
0.2 0.81 12,070 0.2 1.04 18,310 
0.3 0.85 12,640 | 0.3 0.84 14,800 
0.4 0.88 13,100 | 0.4 0.78 13,720 
0.5 0.89 13,240 | 0.5 0.84 14,800 
0.6 0.83 12,380 | 
0.7 0.81 12,030 | 
Average 12,380 
separation (probably within experimental error), and 


therefore a fairly constant value of A H, is found for the 
entire alkali combination curve. The values in which the 
greatest discrepancies appear are obtained in the region of 
pH in which very small amounts of base are combined. 





*The curves were drawn freehand without attempting to make 
them parallel. 
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Here the curves are so nearly flat that a very small error 
in the measurements, or in the corrections for ash, results 
in large discrepancies in the pH coordinates at which these 
quantities of base are bound. For this reason, and because 
the number of imidazole groups in wool is so small as to 
account for only a very small amounts of acid or base 
bound, no effort is made to evaluate AH in the inter- 
mediate range of pH values near neutrality. 

The numerical values of AH tabulated are very close 
to those, ranging from 10,000 to 13,000 calories per mole’, 
which would be expected to characterize the dissociation 
of hydrogen ions from the conjugate acid forms of amino 
or guanidino groups in amino acids. They are about twice 
as great as the values to be expected if the acidic disso- 
ciation of the hydroxyl group of tyrosine were being 
measured in any part of this region®: **: and appear to sup- 
port the suggestion made earlier”® that the hydroxyl groups 
of tyrosine may not be titrated by base in the region of 
pH covered by this investigation. The values, although 
consistently slightly higher, are in fair agreement with the 
figure, 11,500 calories, found by Wyman for horse hemo- 
globin, and with an approximate value of 14,000 calories 
which may be deduced from the figures given by Pertzoff 
and Carpenter, for casein. 

The fact that the values for wool and for casein are 
so nearly equal to the heat of dissociation of water (13,481 
calories at 25°)18, shows that the effect of temperature 
on the amounts of base bound at any constant hydroxyl ion 
activities (as for example in a given solution of sodium 
hydroxide) would be very small. Thus, it is only be- 
cause the amounts of base bound are compared on a scale 
of hydrogen ion activities that the very considerable tem- 
perature effect appears. It is the latter basis of compari- 
son which has significance in terms of acidic dissociation 
constants, used consistently throughout this paper. 

The degree of agreement with the results for other 
proteins may be construed as furnishing additional support 
for the validity of the corrections for alkaline hydrolysis 
of disulfide bonds included in the calculations of the 
amounts of base bound. Thus, if AH were calculated 
from the difference in the pH coordinates of the broken 
curves, representing the uncorrected measurements, very 
high values of A H (20,000-25,000 calories), entirely with- 
out precedent in investigations of amino-acids and pro- 
teins, would result. These values would not be independent 
of time, but would increase with increasing periods of ex- 
posure of the wool to alkali. Thus only the values calcu- 
lated from the corrected measurements and tabulated in 
Table 1 may be interpreted thermodynamically. 

Regardless of what detailed significance may be attached 
to the values shown in Table 1, they are, in combination 
with the much smaller values characterizing the acid 
branch of the curve, entirely consistent with the view that 
the process of titration with acid consists in the replace- 
ment of hydrogen ions on the ionized carboxyl groups of 
the uncombined protein while the process of titration with 
alkali consists predominantly in the removal of hydrogen 
(Continued on page 625) 
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and convention, will appear in the Proceedings. There also 
appears in this issue a number of photos taken at the New 
York World’s Fair. Additional photos taken at the Hotel 
Commodore will appear in the next issue. 





Proceedings of the American Association of Textile Chemists and Colorists 


Sectional Contest Papers 


Awards Announced at 
at New York World’s 


T the luncheon held at the World’s Fair, Sunday 
afternoon, October 20th, at two o’clock in the 

National Advisory Committee Bldg., Louis A. 

Olney, President Emeritus and Chairman of the Research 
Committee presided. After a few introductory remarks 
Dr. Olney proceeded to go into some detail regarding the 
origin of the Sectional prizes and the mechanism which had 
been followed in appointing members of the Judging Com- 
mittee and also for judging the relative value of the papers 


presented. He spoke in part as follows: 


Special A.A.T.C.C. Day 
Fair, October 20, 1940 


“In planning for the Annual Meeting, the suggestion was 
made by Henry F. Herrmann, of the New York Section, 
that some system be devised whereby each section, as 
such, present a paper in competition with similar papers 
presented by the other sections for which a suitable prize 
would be awarded. The suggested plan of awarding prizes 
to Local Sections of the A.A.T.C.C. appeared to meet 
with the approval of all of the eight sections as well as 
individual members of the Association. The project was 
approved by the Council and in cooperation with Dr, 


SNAPPED AT THE NATIONAL ADVISORY COMMITTEES’ BUILDING, N. Y. W. F., OCT. 20, 1940 
IRs 
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Dr. Louis A. Olney, President-Emeritus and Chairman of the 
Research Committee, addressing the luncheon meeting held at 
the National Advisory Committees’ Building at the New York 
World’s Fair. 

Walter M. Scott, Chairman of the Technical Program 
Committee, was put into operation. The Council honored 
me with the appointment as chairman of the Judging Com- 
mittee. The request was made that the chairman of each 
Local Section appoint a member of the Judging Commit- 
tee; as a result, the following Judging Committee was or- 
ganized : 

Walter S. Williams, Rhode Island Section. 

Harold DeWitt Smith, New York Section. 

Kenneth H. Barnard, Northern New England Section. 

Donald H. Powers, Philadelphia Section. 

Robert W. Philip, Southeastern Section. 

R. E. Sargent, South Central Section. 

Raphael E. Rupp, Piedmont Section. 

Virgil T. Hartquist, Midwest Section. 

“A letter was sent out to each member of this judging 
committee asking him to make suggestions as to what 
particular points should be given weight in the awarding 
of the prizes. Some ten different points were suggested 
but as a result of further correspondence all of the points 
suggested were reduced to three fundamental considera- 
tions, namely :— 

1. General Scientific and Technical Value. 
2. Originality or Record of Discovery. 
3. Presentation. 

“A further letter was sent to all members of the com- 
mittee asking them to express their opinion as to what 
percentage weight should be given to each of the three. 
It was quite remarkable how close the returns agreed. 


They were all averaged with the result that approximately 


fifty per cent was recorded for number one, thirty per cent 
for number two and twenty per cent for number three. 
In judging the papers it was decided that three points 
should be given in each case by the members of the 
committee to the paper which he considered the best, two 
points to the paper which he considered second best and 
one point to the paper which he considered third best. 
Each member of the committee was requested to hand in, 
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Dr. Carl Z. Draves, President, shown at the New York World’s 
Fair as he officially closed the twentieth annual meeting and 
convention on October 20, 1940. 


after due consideration, uniform pieces of paper bearing 
the names of the sections and their rating. These points 
were later added and the prizes awarded in accordance 
with the total points. By this system the chairman of 
the judging committee himself did not know how each 
individual member rated the papers and the same naturally 
would be true of the individual 


As a matter of 


members of the com- 


mittee. fact no one in this room at the 
present time, except myself, knows what the awards are 
to be. Necessarily there will be five disappointed sections. 
Furthermore, the members of some sections may hold the 
opinion that the system of rating papers might have given 
greater weight to the general interest of the individual 
papers. However, upon analysis and second thought I 
that all will that 
combined originality 
greatest weight in the decisions.” 


believe agree scientific and technical 


value with should be given the 

The prizes were then announced as follows: 

First Prize—Fifty dollars—Rhode Island Section. Paper 
presented by Wm. H. Cady entitled “The Effect of 
Modern Finishing Agents on the Light Fastness of 
Cotton Colors.” 

Second Prize—Thirty dollars—Southeastern 

Alfred entitled 

“Some Observations of the Tendering of Vat 


Section. 

Paper presented by R. Macormac 

and 
Naphthol Dyed Army Duck on Total Exposure to 
Weathering.” 

Third Prizse—Twenty 


Paper 


dollars— Philadelphia 
Charles A. 


Encountered in 


Section. 
entitled 
Fade-Ometer Testing.” 


presented — by Seibert 
“Variables 

Dr. Olney further stated that it seemed to be the 
general opinion that the presentation of the prize papers 
constituted one of the most valuable and interesting por- 
tions of the program and surely should be continued 
another year. 

In closing he suggested that it would be very fitting 
for Dr. Draves, the President of the Association, who 
opened the meeting on Friday, to officially close it at this 
time. 












































































































































































































































































SILK fiber as conceived by nature is protected and 
strengthened by a coating of gum. In order to 
improve the appearance of the silk by the applica- 

tion of dyestuffs, etc., man has found it necessary to remove 
this gum. An alkali provides the most efficient means of 
gum removal but at the same time alkali is the most 
harmful agent that can be applied to silk if it is not properly 
controlled. Hence, a chemical paradox presents itself as 
a chemical research problem. It is gratifying to be able 
to report that if a suitable surface active agent is selected 
and this agent is used in conjunction with a proper alkali, 
that excellent degumming and dyeing results on silk can 
be obtained, the damage to the silk being even less than that 
effected by soap. 

A silk fiber consists essentially of fibroin and sericin. 
The fibroin is the fiber part of the silk, while the sericin 
is a natural gum which forms a protective sheath around 
the fiber. Sericin acts as a very good protective and 
lubricating agent for the silk during throwing, spinning, 
knitting and weaving operations, but must be removed 
before the silk is dyed and finished. The sericin is soluble 
in alkaline solution and may be removed by boiling the silk 
in an alkaline solution, such as soap or an alkaline salt. 

It has been known for some little time that silk can 
be degummed and dyed in an alkaline solution of a surface 
active agent. Details of such processes are scarce and 
considerable skepticism has existed with respect to the 
commercial feasibility of such a procedure. 

The present work was designed to investigate the 
potentialities of one generic type of surface active agent 
combined with alkali in the degumming of silk. It was felt 
that this particular type of surface active agent, an alkyl 
aryl sodium sulfonate known by the trade name of 
“Nacconol,”” should be peculiarly suited for this purpose 
on the basis of other evidence already obtained. It had 
been noted that the presence of this type of product in 
alkaline solution tended to appreciably reduce alkali damage 
to wool. By the same token a similar effect might be 
expected with silk. 

The widespread use of surface active agents by the 





*Presented at Symposium on Chemical and Dyeing Aids for the 
Textile Industry at Twentieth Annual Meeting, New York, N. Y., 
October 18, 1940. 


**National Aniline & Chemical Co., Inc., 40 Rector St., New 
York, N, Y¥. 
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Surface Active Agents 
in the Degumming of Silk Hosiery” 


O. M. MORGAN and H. SEYFERTH** 











textile, paper, leather and other industries has been re- 


sponsible for their present low price levels. For this 
reason economies over the usual soap degumming bath 


were visualized by the use of a surface active agent-alkali 
formula. 


EXPERIMENTAL WORK 


Laboratory Degumming Experiments on Silk Hosiery 


Degumming experiments in the laboratory were con- 
ducted by the one bath method. The bath was made up 
complete with degumming reagents and dyestuff and 
brought to the boil. The goods were entered at the boil 
and boiled for 90 minutes unless otherwise stated. The 
goods: liquor ratio was 1:20. pH measurements were 
made before and after degumming. Three warm rinses 
and one cold rinse were applied. The stockings were 
boarded and examined visually for degumming efficiency. 
The stockings were also weighed before and after degum- 
ing under constant humidity conditions and the amount of 
gum removed was determined quantitatively. 

From these experiments it was learned that: 

(1) To effect complete degumming of 4 thread hosiery 
in a beaker it is necessary to use 6 per cent of sodium 
sesquicarbonate or 8 per cent of sodium silicate 
(42° Be., Na,O: SiO, = 1:2.54). 

The amount of Nacconol present has little or no 
bearing on the completeness of degumming in a 90 
minute boil. 

(3) The rate of degumming is increased only very slightly 
by the presence of Nacconol in the degumming bath 
and this at the beginning of the boil. 

The hosiery processed with Nacconol was left with a 
desirable hand. The hand was fuller and lacked the 
raggy feel imparted by certain types of surface active 
agents. 


(4) 


It was realized that the laboratory degumming experi- 
ments would require higher concentrations of supplies than 
machine experiments due to the lack of mechanical action. 
This is demonstrated in the work which follows. 


Machine Degumming Experiments 


The machine used was a 10 pound Butterworth hosiery 
dyeing machine. This machine was of Monel metal con- 
struction and equipped with an automatic temperature 
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control and temperature recorder. The water capacity of 
this machine was 24 gallons to the axle level. At this 
level all loads were run. 

The capacity of the machine was 10 pounds of netted 
hosiery. The actual load run was 4 dozen hosiery weighing 
3 pounds. Supplies of degumming reagents and dyestuff 
were calculated on the basis of a theoretical 5 pound load 
to increase the ratio of goods to liquor and thereby increase 
the actual working concentration of reagents in the bath. 
This is a normal method of correcting for less than capacity 
loads in a machine. 

Dyestuff Formula 

The popular 1940 Fall shade “Tropicana” as developed 
by the Textile Color Card Association in cooperation with 
the National Association of Hosiery Manufacturers was 
selected for use in this work. The following formula was 
used : 

Tropicana 
Diazine Black S Extra 
Solantine Pink 4BL 
National Erie Catechine 3G 
National Erie Fast Brown B Conc 
National Neutral Brown RD 
National Milling Red R 
National Durol Black 2B 
Glauber’s Salt Crystals 


Degumming and Dyeing Procedure 

The machine was charged with 24 gallons of water and 
brought to the boil. Degumming supplies and dyestuffs 
were added, thoroughly mixed, and a sample taken for pH 
measurements. 

The hosiery was entered at the boil and boiled for 30 
minutes. The salt was then added in three equal portions 
at five minute intervals and boiling continued to a total of 
60 minutes. 

The hosiery was transferred to a 25 pound Smith Drum 
machine and given two cold 5-10 minute rinses. The 
transfer was effected merely to speed production from the 
smaller machine. The hosiery was then extracted, boarded, 
inspected and boxed. 

No attempt was made to standardize the shade from one 
lot to another since this would complicate. the comparisons 
of the chemical effects obtained from the various degum- 
ming supplies under test. 

History of the Silk Used 

The silk used in this test was of Japanese origin of the 
1940 spring crop, quality 90 per cent grade. 

The soaking bath contained a low sulfonated olive oil 
and was exhausted with a suitable mixture of sodium 
carbonate-sodium bicarbonate. 

The main end was of 3 thread. The diameter approxi- 
mately 13/15 denier, 25 turns per inch to the left. 

The welt yarn was of approximated diameter 20/22 
denier. The silk was knit on a 45 gauge full fashioned 
machine, which is 30 needles to the inch and with a tight- 
ness of 49 courses per inch. 


Per Cent 
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Description of Degumming Supplies 

The degumming supplies used are described briefly here- 
with: 

(1) Nacconol NRSF—an organic detergent technically 
free of inorganic salt. Price $0.40/lb., in barrels. 
National Aniline & Chemical Company. 

(2) Nacconol NR—an organic detergent similar to (1), 
but containing inorganic salt. Price $0.13/Ib., in 
barrels. National Aniline & Chemical Company. 

(3) Soap—a popular brand of low titer soap specially 
recommended for silk work. Price $0.11/Ib., in 
barrels. 

Degumming Oil—a popular brand of degumming oil. 
Price $0.15/lb. in barrels. 

(5) Sodium Silicate—a liquid silicate, silk grade 42° Be. 
Ratio Na,O:SiO, = 1:2.54. Price $0.0165/Ib. 
General Chemical Company. 

(6) Sodium Sesqucarbonate—a crystalline form. 
$0.027 Ib., in barrels. Solvay Sales Corp. 

Experimental Results 

The experimental data for the machine degumming 
experiments are contained in the accompanying tables. To 
simplify the discussion of these data, they have been 
divided into two sections, viz—(1) Chemical and Visual 
Data and Condition of Hosiery. The data for these 
sections are contained in Table I. The data for Section 
(2), Frazier Machine Tests, are contained in Tables II, 
III and IV. 

DISCUSSION OF RESULTS 
Chemical Data 

In this discussion all concentrations are given in per cent 
based on the weight of the hosiery in the gum. 

Soap has been the popular degumming agent for silk 
for many years. In the present work a series of degum- 
ming experiments with soap were conducted in order to 
obtain a basis for comparison both with respect to the 
quality and cost of the processes to be investigated later. 
In the experiments in Table I—Series A, 10 per cent soap 
appears to be nearly optimum for degumming the present 
type of hosiery. 15 per cent soap is definitely in excess 
while 6 per cent soap gives only a fair degumming action. 
On this basis 10 per cent is used as a standard for com- 
parison in this work. 

Sodium sesquicarbonate is an alkali which exhibits a 
pH range suitable for silk degumming work, but must be 
assisted by an emulsifying agent in order that oils and 
undissolved sericin may be kept in suspension in the bath. 
In Series B, using Nacconol as the emulsifying agent and 
sodium sesquicarbonate, the best results were obtained 
with either 1 per cent Nacconol NRSF or 3 per cent 
Nacconol NR used in conjunction with 3 per cent sodium 
sesquicarbonate. Of these two formulae the one using 
1 per cent Nacconol NRSF is somewhat to be preferred 
since a slightly better hand is obtained and the dyestuff 
does not go on to the goods as rapidly due to the lack of 
inorganic salt such as is found in Nacconol NR. The 
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TABLE I 
Silk Hosiery Degumming Data 
Description Suds Used 
of Expt. pH-30° C. (86° F.) Qual- Bath Condition Condition 
Series No. Supplies % Before After ity Hot Cold Gum* Handle of Top 
60 Min. Scum Scum 
Series A 
Soap 1 Soap 15 10.20 9.38 High None V. Sli. ce Scroop F 
2 Soap 10 9.86 9.26 High None eo G Scroop PtoF 
3. Soap 6 9.86 9.14 High None Yes PtoF  WiryScroop’ F reddest of 3 
Series B 
Nacconol 7  Nacconol NRSF 3 9.98 9.74 Flat None V.SK. G Wiry PtoF 
and S. S. Carbonate 3 
Sodium 8 Nacconol NRSF 1 998 9.95 Flat None V.. SB. G Oilier than 7 G 
Sesqui- S. S. Carbonate 3 
Carbonate 9 Nacconol NR 6 9.87 9.61 Flat None V. Sh. G Wiry F 
S. S. Carbonate 3 
10 Nacconol NR 3 991 963 Flat None V. Sli. G Fuller hand PtoF 
S. S. Carbonate 3 but sli. wiry 
Series C 
Nacconol 14 #Nacconol NR 6 10.02 9.43 Flat None VS Sh. G Sli. dry F 
and Sod. Silicate 5 
Sodium 15 Nacconol NR 3 10.02 9.45 Flat None V. Sli. G Same as No. 14 F 
Silicate Sod. Silicate 5 
16 Nacconol NRSF 1 1011 9.49 Flat None V. Sli. G Softer hand G 
Sod. Silicate a 
17. Nacconol NRSF 3 10.09 9.52 Flat None V Sii. G Sli. dryer G 
Sod. Silicate 5 than No. 16 
Series D 
Soapand 18 Soap 3 9.94 965 Flat Sli. Yes G Wiry F toG 
added S.S. Carbonate 3 
alkali 19 Soap 6 9.96 9.73 Lively None V., Sis: GtoC Drythinhand G level dyeing 
S.S. Carbonate 3 
20 Soap 3 10.13 9.53 Nearly V. Sli. Apprec. G Thin hand F 
Sod. Silicate 5 Flat 
21 Soap 6 10.12 9.57 Lively None V. Sli. G Thin hand F 
Sod. Silicate 5 
Series E 22 Sodium Soft very 
Nacconol Silicate 5 1013 9.52 Flat Apprec. Heavy GtoC © sli. scroop F 
or Alkali 23  S.S. Carbonate 3 997 9.68 Flat Apprec. Heavy FtoG  Thinhand F 
alone 24 Nacconol NR 6 8.92 899 Flat None Apprec. P Full wiry hand F toG 






Series F 


Degum- 25 Degumming Oil 10 1016 9.42 Fiat 
ming Oil 26 Degumming Oil 15 10.28 9.60 Flat 
*C—complete 

G—good 

F—fair 


P—poor 


amounts of Nacconol NR and NRSF given here are mini- 
mum quantities sufficient to prevent the formation of scums 
on the bath. If more than 3 per cent Nacconol NR is used 
the degumming action is retarded to some extent. This is 
due to the presence of the inorganic salt in the product. 
If more than 1 per cent Nacconol NRSF is used the 
degumming is not retarded since this product is technically 
free of inorganic salt. With increasing amounts of 
Nacconol NRSF, however, the hosiery becomes somewhat 
drier. 

The liquid sodium silicates exhibit a pH range suitable 
for silk processing but also require the assistance of an 
emulsifying agent such as Nacconol. 
Series C were conducted 
silicate. 


The experiments in 
with Nacconol and sodium 
In this Series, 5 per cent sodium silicate plus 
1 per cent Nacconol NRSF or 3 per cent Nacconol NR 
produced the most desirable results. The Nacconol con- 
centrations are minimum for the prevention of scums. In 
this Series, there is a more apparent difference in the hand 
obtained with Nacconol NRSF and Nacconol NR, the 
former being the better of the two. It will be noted that 
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Apprec. 
Apprec. 


Heavy sg 


Soft & slippery 
Heavy F 


Soft & slippery 


rx 





when larger amounts of Nacconol NR were used the de- 
gumming action was retarded to some extent. Hence, 
the results obtained in Experiment No. 14 where 6 per 
cent Nacconol NR was used are not as good as in Experi- 
ment No. 15 where only 3 per cent Nacconol NR was used. 
This is due to the larger amount of inorganic salt in the 
system. The use of larger amounts of Nacconol NRSF 
does not cause a similar retarding action, but the hosiery 
is slightly drier. 

After consideration of the foregoing data, a person 
would naturally ask, if the same results could be obtained 
by combining soap with either sodium silicate or sodium 
sesquicarbonate. This question is answered by the experi- 
ments in Series D. By working in this manner it will be 
noted that 6 per cent soap is nearly the minimum amount 
that can be used to give a good degumming action on the 
present type of hosiery and prevent scums. This amount 
of soap is used in conjunction with 3 per cent sodium 


sesquicarbonate or 5 per cent sodium silicate. The use of 


smaller amounts of soap results in an incomplete degum- 
Trouble is 


ming action and the consequent wiry hand. 
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also encountered with scums on the bath. 

In Series E, the degumming actions of sodium silicate, 
sodium sesquicarbonate and Nacconol NR are studied by 
themselves. With the alkalies it is known that a complete 
degumming action can be obtained if sufficient alkali is 
used. However, difficulties arise as far as the emulsifica- 
tion of the gum and knitting oils are concerned. Appre- 
ciable to heavy scums form on the bath and _ thereby 
complicate the dyeing and rinsing procedures. The handle 
of the hosiery leaves much to be desired. 

When Nacconol NR is used alone only a poor degum- 
ming action is obtained. This would be expected, due to 
the lack of alkalinity of the product. The large amounts 
of residual gum account for the full wiry hand obtained. 
If the silk under process were a soft soaked silk, there is 
a possibility that degumming could be effected with Nac- 
conol NR alone, but further work is necessary to establish 
this point. 

The action of a degumming oil is studied in Series F. 
Here it will be noted the highest concentration used was 
15 per cent and a fair degumming action was obtained. 
The handle of the hosiery was soft and slippery. The 
work on the degumming oil was stopped at this point for 
economic reasons. 


pH Before and After Degumming 

The alkalinity of the degumming bath is very important. 
Only a narrow pH range can be utilized since there must 
be sufficient free alkali present to solubilize the sericin, 
but excesses must be avoided in order to prevent damage 
to the silk fiber. The pH range exhibited by a neutral 
soap has always been regarded as ideal for the degumming 
of silk. This range is approximately 9.0 to 10.2. In the 
present work, it is interesting to note that with the 
Nacconol-alkali formulae it is a simple matter to stay 
within this desired pH range and still obtain a good de- 
gumming action. The economic advantages of this pro- 
cedure are obvious. 

Suds Quality and Scum Formation 

The Nacconol baths in Series B and C operate with 
little or no suds present. With these formulae the presence 
of suds is not necessary since no scum forms on the bath, 
there is no evidence of uneven dyeing and the load is very 
free rinsing. Hence, when using Nacconol, suds is not the 
criterion of an active bath. 

In Series A, Experiment No. 3, when 6 per cent soap 
is used, it will be noted that a high suds is maintained 
throughout the run. However, the degumming action is 
incomplete and scums form on the bath as it cools. Hence, 
even for soap, the presence of suds is not a guarantee 
for quality work. 

Frazier Machine Tests 

The hosiery described in this paper was subjected to 

Frazier Machine tests to determine its serviceability. 
Description of Frazier Machine 

The Frazier Hosiery Testing Machine provides a con- 

venient means for measuring the behavior of a stocking 
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Frazier Hosiery Testing Machine 


when the upper part of the leg of the stocking is repeatedly 
distended in a way which subjects it to stresses similar 
to those which occur at the knee and at the garter clasps 


of a stocking in use. Two smooth, rounded “jaws” about 


a foot long are inserted in the upper part of the stocking. 
The stocking is held in position by two garter clasps 
attached to opposite sides of the welt, half way between 
the seam (at the back of the stocking) and the front edge. 
The other end of the clasps are attached through springs 
to a fixed support such that the maximum pull exerted 
at each garter is about 5 pounds and the direction of pull 
is approximately perpendicular to the edge of the top of the 
welt throughout the test. The ankle of the stocking is 
under a constant pull of approximately 1 pound in the 
opposite direction to that at the garters. The two jaws 
are separated and brought toward each other by a re- 
ciprocating mechanism at a rate of approximately 60 
cycles per minute. 


The maximum distance around the 


two jaws is 21.3 inches. Provision is made for recording 
on a chart the relationship between the load exerted on 
the stocking and the circumference of the stocking during 
each cycle of loading and unloading. The number of 
cycles are recorded on a counter. 7 

In the present work the tests were continued to break- 
down of the hosiery. The tension on the stockings was 
recorded after the 3rd and 200th cycle at a maximum 
distance around the jaws of 21.3 inches and also at the 
200th cycle at a distance around the jaws of 19.2 inches 
which is considered to be the average circumference of a 
woman’s thigh, six inches above the knee. 

The tension on a stocking after 200 cycles at a given 
distension compared with the tension on the same stocking 
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after the 3rd cycle gives a measure of the resistance of the 
stocking to stretching and the tendency to become baggy 
after repeated stretching. 

Stockings having constructions considered to be standard 
in the industry have not developed defects in 2000 to 5000 
cycles of treatment on the machine. Obviously inferior 
stockings develop holes or runs in a very few cycles. 
Stockings that have had a finish applied generally will run 
several times as long as stockings that do not carry a 
finish. New stockings that have been washed turn in a 





















































TABLE II 
Frazier Machine Test Data 


Tension Before and After Washing 
(average of six stockings) 





much better performance than unwashed stockings. This 
is explained on the basis that the first boarding of the 
hosiery sets the construction up rather firmly and the 
hosiery tears itself to pieces more rapidly when placed on 
the Frazier Machine. Washing the stockings tends to 
loosen the construction, the threads slide over each other 
more readily, and a better wear performance is obtained, 
Discussion of Frazier Machine Data 

The Frazier Machine Test Data presented in Tables II 

and III are for hosiery that have not been finished. The 






















Tension (Lbs.) 





Before Washing After Washing 









































TABLE III 
Frazier Machine Test Data 
Endurability Before and After Washing 


Sota Dae Fh Seo . io aa a aS" =o ae 

A. Soap 1 Soap 15 49.4 18.3 45.4 36.8 11.9 26.9 
2 Soap 10 35.8 11.8 28.9 27.0 9.5 18.3 
3 Soap 6 43.2 15.9 34.6 35.5 10.7 237 

B. Nacconol and 8 Nacconol NRSF 1 
S.S. Carbonate S.S. Carbonate 3 38.9 10.8 27.8 23.6 9.1 17.8 

10 Nacconol NR 3 
S.S. Carbonate 3 37.3 11.6 28.8 24.7 9.3 16.2 

c. Nacconol and 11 Nacconol NR 3 
Sod. Silicate Sod. Silicate 3 38.5 17 23.7 22.2 7a 15.7 

15 Nacconol NR 3 
Sod. Silicate 5 41.2 12:7 29.2 27.2 10.7 18.9 

16 Nacconol NRSF 1 
Sod. Silicate 5 37.3 122 273 23.7 9.8 17.5 

D. Soap and 19 Soap 6 
added alkali S.S. Carbonate 3 45.8 16.3 38.3 41.8 13.4 30.8 

21 Soap 6 
Sod. Silicate 5 37.8 12.4 26.5 37.0 12.3 27.2 
E. Alkali alone 22 Sod. Silicate 5 38.3 12.6 24.8 27.3 10.3 18.4 
; 23 S.S. Carbonate 3 36.2 13.7 25.6 28.8 11.8 4 Ws 
F. Degumming Oil 26 Degumming Oil 15 25.8 10.2 18.8 22 9.8 18.6 
G. Greige Hose ; 79.5 14.9 49.7 




















Endurability Rating 


Endurability (Cycles) ; 





































*Oil content. 
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° Description Expt. . F r 
Series of Series Ne Supplies % Bhd Wena Fone vl wei Nine 
A. Soap 1 Soap 15 97 327 14 13 

2 Soap 10 285 1843 9 10 
3 Soap 6 188 441 12 11 

B. Nacconol and 8 Nacconol NRSF 1 
S.S. Carbonate S.S. Carbonate 3 217 3782 11 6 

10 Nacconol NR 3 
S.S. Carbonate 3 265 2575 10 9 

e.. Nacconol and 11 Nacconol NR 3 
Sod. Silicate Sod. Silicate 3 1350 6336 4 Z 

15 Nacconol NR 3 
Sod. Silicate 5 463 3132 7 8 

16 Nacconol NRSF 1 
Sod. Silicate 5 886 4827 6 4 

D. Soap and 19 Soap 6 
added alkali S.S. Carbonate 3 117 164 13 14 

21 Soap 6 
Sod. Silicate 5 367 406 8 12 
E. Alkali alone 22 Sod. Silicate 5 3053 4411 3 5 
23 S.S. Carbonate 3 1301 6064 5 3 
F. Degumming Oil 26 Degumming Oil 15 12297* 3133 1 7 
G. Greige Hose ) Z 1 
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object of this work was to determine the chemical effects 
of various degumming formulae and it was not desired to 
minimize the difference between the several lots of hosiery 
processed by the application of a finish. All results given 
are the average of six stockings. 

In Table II, data is presented for the tension on the 
stockings before and after washing. If the data for Expt. 
No. 2, 10 per cent soap, is taken as a desirable standard it 
will be noted that increasing or decreasing the amount of 
soap causes the stockings to tighten up, or lose their 
elasticity both before and after washing. 15 per cent soap 
causes a greater tightening than 6 per cent soap. 

The tension data for all the Nacconol formulae in Series 
B and C are very similar to the 10 per cent soap data and 
the variations are not great enough to make comparisons 
necessary. This is an interesting point since a mill could 
change over from a 10 per cent soap formula to a Nacconol 
formula without affecting the elasticity of the hosiery. 

In Series D, Expt. No. 19, using 6 per cent soap and 3 
per cent sodium sesquicarbonate there is a definite tighten- 
ing of the hosiery, both before and after washing when 
compared with 10 per cent soap or with any of the 
Nacconol formulae. In Series D, Expt. No. 21, using 6 
per cent soap and 5 per cent sodium silicate the tension 
data is very similar to 10 per cent soap before washing 
but after washing the tension is much greater than that 
displayed by stockings processed with 10 per cent soap. 

In Series E, Experiments 22 and 23 where 5 per cent 
sodium silicate or 3 per cent sodium sesquicarbonate are 
used alone the tensions are very similar to those exhibited 
by the stockings processed with 10 per cent soap. 

Where 15 per cent degumming oil is used in Series F, 
Experiment 26, the hosiery tensions are much lower than 
those for 10 per cent soap before washing but after 
washing the tensions are approximately the same. 

From the data in Table II, it is interesting to note that 
serious differences in hosiery tension only occur when 
excesses or deficiencies of soap are used for degumming or 
when a soap-alkali combination is used. All other formulae 
give quite normal tensions when compared with the 10 
per cent soap formula. 

Endurability Data 

Endurability data for the hosiery before and after 
washing are presented in Table III. The endurability of 
a stocking means the number of cycles it will stand before 
breakdown on the Frazier Machine. The stockings are 
rated 1-14, best to worst, both before and after washing. 


Endurability Before Washing 

Before washing it is interesting to note that the best 
rating was obtained with 15 per cent degumming oil but 
after washing the rating dropped down to 7th place. This 
indicated that some strengthening ingredient had been 
removed during the washing operation which had not been 
rinsed out during the degumming operation. If an oil 
residue remained in the hosiery, this would lubricate it in 
such a way that it would give a better performance on the 
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Frazier Machine. In addition to this, the hosiery was 
visibly incompletely degummed which would also have a 
strengthening effect on the hosiery. Ether extraction of 
these hose revealed an oil residue of 0.64 per cent. An 
additional boil-off also revealed 1.2 per cent residual gum 
in the hosiery. Hence, the high endurability rating before 
washing. 

No. 2 rating goes to the greige hose which are strong 
by virtue of the natural gum still remaining. 

No. 3 rating goes to 5 per cent sodium silicate which 
on a second boil-off shows a gum residue of 2.4 per cent 
as its strengthening factor. Ash analysis shows a small 
silicate residue of 0.078 per cent showing a small absorp- 
tion of silicate into the fiber. Examination of the individual 
fibers under dark field magnification, and also staining 
tests, failed to definitely isolate the slight amount of 
silicate. Rating No. 4 goes to Expt. No. 11, 3 per cent 
Nacconol NR plus 3 per cent sodium silicate. This 
experiment was inserted here as a check on the effect of 
poor degumming efficiency on the Frazier Machine Data. 
The stockings were poorly degummed and by virtue of the 
residual gum obtained a high endurability rating. Rating 
No. 5 goes to 3 per cent sodium sesquicarbonate which 
on a second boil-off shows a high gum residue of 3.2 per 
cent. 

Up to this point the stockings have had high endur- 
ability ratings but for other reasons have not been com- 
mercially satisfactory. Rating No. 6 goes to 1 per cent 
Nacconol NRSF plus 5 per cent sodium silicate. A second 
boil-off on these stockings reveals a gum residue of 1.2 per 
cent. Rating No. 7 goes to 3 per cent Nacconol NR plus 
5 per cent sodium silicate, rating No. 8 goes to 6 per cent 
soap and 5 per cent sodium silicate, while rating No. 9 
is for 10 per cent soap. Ratings No. 10 and 11. go to 
Nacconol plus sodium sesquicarbonate. Ratings No. 12, 
13 and 14 cover experiments that are commercially un- 
desirable for reasons discussed in earlier sections of this 
paper. 

Endurability After Washing 

Many of the comments contained in the immediately 
preceding section apply to the ratings obtained for En- 
durability After Washing. Ratings 1, 2, 3, 5, 7 and 11 
can be disregarded for reasons previously stated. The 
final commercial rating is given in Table IV, where 
endurability, condition of the hosiery, mill performance, 
etc., are all considered. From the data in this table it is 


quite obvious that the best quality and cost performances 
were obtained using Nacconol NRSF or Nacconol NR in 
conjunction with sodium silicate or sodiun: sesquicarbonate. 


Miscellaneous Observations 
During the course of the degumming experiments it was 
noted that the Nacconol-alkali formulae gave better color 
efficiency on certain colors than any of the other formulae 
investigated. The difference between these formulae and a 
10 per cent soap formula is about 20 per cent on the 
average. 
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TABLE IV 
Commercial Rating of Degumming Formulae 
Frazier ‘ 
Machine Per Cent 
Endurability Cost per Cost. 
Com- Rating After 100 Lbs. Reduction 
mercial Washing Silk in Over 
Rating (Cycles) Formula % the Gum 10% Soap 
1 4827 Nacconol NRSF 1 $0.482 56.2 
Sod. Silicate 5 
2 3782 Nacconol NRSF 1 0.481 56.4 
S.S. Carbonate 3 
3 3132 Nacconol NR 3 0.472 = | 
Sod. Silicate 5 
4 2575 Nacconol NR 3 0.471 57.2 
S.S. Carbonate 3 
5 1843 Soap 10 1.10 sti 
0 406 Soap 18) 0.742 31.8 
Sod. Silicate 5 
7 327 Soap 15 1.65 —50.0 
(increase) 
8 164 Soap 6 0.741 32.7 
S.S. Carbonate 3 





In the preliminary work when optimum reagent con- 
centrations were being established it was noted that small 
amounts of residual gum on the hosiery were dyed better 
with Nacconol or soap formulae than with the degumming 
oil. 

SUMMARY 

The present hosiery degumming tests have shown that 
the amount of soap to be used for best results is rather 
critical. The addition of alkali to soap adversely affects 


the handle and the elasticity of the hosiery. The use of 








alkali alone is not feasible since there is not enough 
dispersing ability in the system to render the inso:uble 
scums free rinsing and dyeing and finishing troubles are 
encountered. With a degumming oil a poor hand is 
obtained as well as poor dyestuff efficiency. When haidle, 
appearance, dyestuff efficiency, elasticity, endurability and 
cost are all considered it becomes very obvious that the 
present work with surface active agents and suitable alkalies 
has revealed a desirable and economical method of degum- 
ming silk. 

Following their examination of the hosiery discussed in 
this paper the United States Testing Company arrived at 
the following conclusion: “From the results of our tests 
it is our opinion that the use of Nacconol with sodium 
silicate has definite advantages over the use of soap alone 
and soap and alkali in the degumming of silk hosiery, since 
it apparently produces the most satisfactory finished stock- 
ing and materially aids in the retaining of pliability and 
elasticity which are the prime requisites of silk stockings.” 
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Report of the Sub-Committee on 
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Evaluating Textile Finishes” 





S an introduction, just a few words to cover the 

background of this committee. Our first work 

was started several years ago when a request 
came for measuring the resilience of anti-crease fabrics. 
A very simple testing method was adopted which is in 
general use today for this purpose and this method was 
very carefully checked by Dr. Schiefer of the Bureau of 
Standards and found to give results in line with those 
given by his flexometer and compressometer. Resilience, 
however, is but one of the many factors which determine a 
cloth’s finish and the need of a more scientific approach to 
the question of “hand” and “feel,” has led to further and 
more extensive work by this same sub-committee. 

It is obvious before you can classify data, you must all 
use a common language. Your committee and a corre- 
sponding one from the A.S.T.M. under Dr. Arnold, got 
their respective heads together and are suggesting that 

*Presented at Twentieth Annual Meeting, Symposiu:: cn Evalua- 


tion of the Properties of Finished Textiles, New York City, 
October 19, 1941. 
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the following terms be used in discussing the “hand” of 
a fabric. These terms are not definitions, but by using 
those we have listed, we will at least all be talking about 
the same thing. An outline of these terms is shown at 
the top of the next page. 

Your committee has spent their time largely on measur- 
ing flexibility. In general, there are two ways to do it. 
One is to measure the amount of force required to produce 
a certain fixed deformation as with the Schiefer flexo- 
meter ; the other is the use of a fixed force such as gravity 
and measure the amount of deformation. This latter 
method is the basis of the drapemeter and it should be 
noted that the weight of the fabric acts at right angles 
to the axis of bending, which makes the instrument rather 
unique and yet which duplicates very closely, the draping 
action which a fabric undergoes when used in a woman’s 
dress, for example. 

The drapemeter itself consists merely of a horizontal 


semi-circular disc, around the edge of which the sample 





AMERICAN DYESTUFF REPORTER 














wher 







ugh 
o:uble 
-S are 


aiidle, 
y and 
it the 
kalies 
22 um- 


sed in 
ved at 
’ Tests 
odium 
alone 
_ since 
stock- 
vy and 


ings,” 


to the 
esting 
e and 
work. 
nf the 
great 


id” of 
using 
about 

wn at 


-asur- 
do it. 
“oduce 
flexo- 
ravity 

latter 
ald be 
angles 
rather 
raping 


yman’s 


zontal 
sample 


RTER 





Proposed Terms to Be Used in Naming the Physical Properties of Fabrics Related to Hand and for Describing the Corresponding 
Components of Hand 


Physical Property Explanatory Phrase 
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Terms to Be Used in Describing the Range of the 
Corresponding Component of Hand 





"Flexibility 


Pliant (high) to stiff (low) 

Soft (high) to hard (low) 

Stretchy (high) to non-stretchy (low) 
Springy (high) to limp (low). Resilience may be 
flexural, compressional, extensional, or torsional 


Compact (high) to open (low) 


Rough (high) to smooth (low) 
Harsh (high) to slippery (low) 


1 Ease of bending 

2, Compressibility Ease of squeezing 

3, Extensibility Ease of stretching 

4, Resilienve East of recovery from deformation in which rate of re- 
covery is without limits and thus includes elasticity (in- 
stantaneous recovery ) 

5. Density Weight per unit volume (based upon A.S.T.M. standard 
measurement of thickness and fabric weight) 

6. Surface contour Divergence of the surface from planeness 

7. Surface friction Resistance to slipping offered by the surface 

8. Thermal character Apparent difference in temperature of the fabric and the 


skin of the observer touching it 


is bound by scotch tape and allowed to fall or drape freely, 
suspended from its top edge. A soft, drapey material will 
fall so that the contour of its bottom edge is the same as the 
top edge, i.e., a half circle ;—while a stiffer fabric will 
straighten out at the bottom edge like a piece of paper. 





The instrument merely permits one to measure and plot 
these contour curves at different levels. 





Drapemeter 


The idea is simplicity itself, but the surprising thing is 
that this simple idea proves to be one of great sensitivity, 
so much so that we can often find differences between the 
back and face of a fabric and yet check these same differ- 
ences over again. Being simple, permits the adoption of 
an inexpensive instrument for the purpose and thanks to 
the co-operation of the Mico Instrument Company of 
Cambridge, we have available a well-made machine at a 
very moderate price. 


Naturally, a new instrument must be very carefully 


checked by its foster parents before making its bow to the 


Winn, 


public. Miss working in Professor Schwarz’ 
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Cool (high) to warm (low) 





laboratory at M. I. T., has made close to ten thousand 
measurements and calculations before recommending its 
adoption to your committee. Among other checks, we ran 
a series of ten cloths which varied in weight and character 
from a light, sheer rayon to a heavy cotton shoe drill and 
compared our results on the drapemeter with those ob- 
tained on the same samples by the hanging loop method, the 
Schiefer flexometer and the Gurley stiffness tester. A 
comparison of any series of samples with another series 
on the same samples by another method involves the very 
interesting mathematical concept as to how closely the two 
series match. The degree of matching can be given a 
definite figure by their Kendall coefficient and Professor 
Schwarz has worked out a procedure for this and pub- 
lished it. What interests you particularly is that the drape- 
meter rates cloth in good agreement with the other methods 
and by the use of the proper factors, any of the methods 
can be brought into almost exact agreement with the 
drapemeter. From a study of these factors, we know what 
each method measures most sensitively, for example, the 
drapemeter is particularly sensitive to fabric density. 

Having satisfied ourselves that our own figures were 
reproducible and checked with other methods, we asked 
Dr. Dreby of the Bureau of Standards to run our ten 
samples by his new methods as well as the methods which 
we had used for checking. Here again, we met with good 
agreement. 

Finally, we released the instrument to a half dozen com- 
mercial laboratories, together with a standard set of sam- 
ples, and their reports which have just come in, also show 
a surprisingly good agreement in rating the samples, con- 
sidering the fact that the method of using the drapemeter 
was barely outlined to them, in the hope that they might 
modify the procedure and improve it. An outline of the 
results obtained by these laboratories is given. 

Ranking Orders of Chord Widths as 
Determined by the Different Operators 


Cloth M.1.T. Lab. 
Vo. A B D i 

Bra oawion ah Sex A (5 (5 4 5 
eee ne eee 5 (4 (4 5 4 

Be ae ee eae clean ] ] 1 3 1 

Me te ee 7 6 0 s 7 
ie Se ee 2 7 7 6 6 

ee eee ee 8 8 8 7 8 

(ER PE Pie gs rte s) 2 2 2 2 

ee staaurs tees 3 3 3 1 3 
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All this may be summed up about as follows: From thou- 
sands of tests, we are convinced that the Drapemeter offers 
a very simple yet delicate means of measuring the draping 
quality of a cloth. Our results can be correlated with 
those obtained by other standard methods. This correla- 
tion has been checked by the Bureau of Standards. The 
results which Professor Schwarz has obtained have been 
duplicated by a half dozen other commercial laboratories. 
The instrument is being made by a reliable instrument 
maker and at a very moderate price, so your committee 
takes pleasure in recommending it to all those who are 
interested in the scientific measurement of the draping 
qualities of cloth. 

After all, the real problem is to get producer and con- 
sumer to agree on a standard method of test, and it is our 
hope that the Drapemeter may fill this need. 
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MEETING, MID-WEST SECTION 


MEETING of the Mid-west Section was held at the 
Bismarck Hotel, Chicago, Illinois, on Saturday, 
October 5, 1940. 

The afternoon meeting was called to order at 3:00 P. M. 
in Room T by Herman Boxser. Mr. Boxser introduced 
Charles Lennox, Soap Dept., Swift & Company, and R. 
Winsser, Soap Dept., Armour & Company, who led a 
discussion on “Soap” which was very interesting and very 
informative. The meeting was adjourned at 4:30 P. M. 

Dinner was served at 7:00 P. M. There were 76 
members and guests present. 

The business meeting was called to order at 8:30 P. M. 
by Herman Boxser. The Secretary’s and the Treasurer’s 
reports were read and approved. Mr. Boxser announced 
that our section would present a paper at the national 
meeting. This was presented by Archie Alexander. The 
subject was “Analysis of Split Bath Method for Dyeing 
Silk Hosiery.” Clarence Wille collaborated with Mr. 
Alexander in preparing the paper. 

Mr. Boxser then introduced Dr. H. H. Mosher, Onyx 
Oil & Chemical Co., Jersey City, N. J., who gave an 
illustrated talk on the “Technical Aspects and Application 
of Cationic Chemicals.” 

The meeting was adjourned at 10:00 P. M. 

Respectfully submitted, 
Davin A. ANpERSON, Secretary. 
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jons from the conjugate acids of the amino and guanidino 
groups. 


2. Data Obtained at Constant Ionic Strengths 


Although the data obtained in the presence of constant 
concentrations of chloride or potassium ions show a dif- 
ferent functional relationship between the amounts of 
acid or base bound and pH”, the effect of temperature 
upon this relationship is so similar to its effect on the data 
obtained in the absence of salt that one may without fur- 
ther discussion tabulate representative values of A pH 
taken from figures 2 and 3, and the values of A H calcu- 
lated from them. This has been done in Table 3. 





TABLE 3 


Average Heats of Dissociation of Acidic and Basic Groups 
in Wool Calculated from Titration Data Obtained at Constant 
Ionic Strength 


Ionic Strength 0.2 
Acid Region 











0° C.-25° C. 25° C.-50° C. 
Acid Acid 
Bound Bound 
m | m 
Moles./g.— APH AH™. | Moles. —APH AH™s 
0.1 0.17 2540 0.1 0.03 530 
0.2 0.17 2540 | 0.2 0 
0.3 0.28 4170 0.3 0 0 
0.4 0.26 3880 | 0.4 0 0 
0.5 0.17 2540 0.5 0 0 
0.6 0.11 1640 0.6 0 0 
0.7 0.06 890 0.7 0 0 
Alkaline Region 
0° C.-25° C 23° €.-0* C. 
Base Base 
Bound Bound 
m m 
Moles./g.—ApH AH*™ Moles./g. —APH AH™x 
0 0 0 0 0.34 5990 
0.1 —0.13 —1940 =| 0.1 131 23100 
0.2 +0.64 +9540 | 0.2 0.95 16710 
0.3 0.75 11180 | 0.3 0.82 14430 
0.4 0.82 12200 _ i 
0.5 0.82 12200 
0.6 0.58 8650 
0.7 0.50 7450 
Ionic Strength 0.5 
Acid Region Alkaline Region 
0° C.-50° C. 0° C.-50° C. 
Acid Base 
Bound Bound 
m m 
Moles./g. — pH i. Moles./q. — uH H™, 
0.1 0.17 1370 0 0.325 2620 
0.2 0.17 1370 0.1 1.84 14820 
0.3 0.15 1210 0.2 1.77 14240 
0.4 0.16 1290 0.3 1.67 13470 
0.5 0.15 1210 0.325 1.61 12900 
0.6 0.15 1210 
0.7 0.16 1290 
Aver. 1280 





It will be seen at once that the average of the values 
of AH calculated for the acid region of the curve for 
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Combination of Wool Protein 


(Continued from page 612) 


0.2 M ionic strength in the temperature interval 0° C.- 
25°C. (Table 3) is very close to the value 2380 given in 
Table 1 for this quantity in the absence of salt. The 
individual values fluctuate considerably but this is largely 
a consequence of the manner in which the freehand curve 
through the data has been drawn. In the higher tempera- 
ture interval, 25° C.-50° C., there is practically no effect 
of temperature, just as in the data obtained with acid alone. 
The resemblance between these sets of data extends into the 
alkaline region, although here again there is great fluctua- 
tion among the individual values. It is possible that the 
drift from 11,000-12,000 calories, characterizing the middle 
portion of the alkaline curves, to 7,000-8,000 calories at 
their most alkaline and is a real phenomenon and repre- 
sents transition at 0.5 to 0.6 millimole of base bound from 
the titration of amino groups, to the titration of tyrosine 
hydroxyl groups when more base is combined.* However, 
this supposition is not easily reconciled with the failure of 
a differential effect to appear in the measurements made in 
the absence of salt, nor with the expected relative strengths 
of tyrosine hydroxyl and arginine guanidino groups. An 
extreme fluctuation, resulting in a change of sign of A H, 
is found in the region of very small amounts of combined 
base. As in the data obtained without salt this may be 
ascribed to the small slope of the titration curve in this 
region, and the resulting large effect of A pH which 
slight changes in the drawn curves, or slight errors in cor- 
rections for ash, would produce. Wide fluctuations are 
also found in the data listed for the interval 25° C.-50° C 
but the average of the values given is 15,060 calories, in 
good agreement with most of the individual values in 
Table 2 for this temperature interval. 


The data obtained at an ionic strength of 0.5 exhibit 
smaller fluctuations and are numerically in good agreement 
with the values for A H obtained in other sets of experi- 
ments. The average value of A Ho” in the acid region is 
only 1280 calories, but it has already been shown that 
practically all of the effect of temperature in the acid region 
is manifested in the lower half of this large interval of tem- 
perature. It is justifiable, therefore to use double this 
figure, or 2560 calories, as the value of A Ho”, for com- 
parison with the other sets of data. In the alkaline region 
the individual values of base bound between 0.1 milli- 
mole/g and 0.325 millimole/g are constant within the error 
of the measurements and are close to those found in the 
other sets of data. Owing to the large amounts of decom- 
position at this temperature, the measurements do not ex- 
tend sufficiently far into the alkaline region to determine 
whether the apparent fall in the values of A\ H found at 0.2 
ionic strength would be found in these experiments also. 





*Recent work in this laboratory on the combination of base by 
silk, in which most of the acidic groups are phenolic, indicates 
that the hydroxyl groups of tyrosine dissociate hydrogen ions in 
this region of pH values. 































































3. Comparison with Calorimetric Data 


It is of interest to compare the present estimates of 
2380, 2600, and 2560 calories for the heat of dissociation 
of the carboxyl groups of wool in the temperature interval 
0° C.-25° C. with the experimental value for the heat 
evolved at O° per equivalent of hydrochloric acid com- 
bined by wool, as determined directly by a calorimetric 
method by Speakman and Stott?*. The value obtained by 
these authors was 3560 calories, significantly higher than 
our own figure. In calculating this quantity, Speakman 
and Stott assumed that there were only negligible dif- 
ferences between the titration curves of wool at 22.2° and 
O°; this was done in order to estimate the amount of acid 
combined at each pH from a titration curve obtained at 
22.2°. The error introduced by this approximation may 
easily approach 1000 calories in the calculated result when 
less than half the maximum amount of acid is bound. 
However, this source of error should be practically neglig- 
ible when high concentrations of acids are used, since then 
the amount of acid combined is independent of small 
changes in pH and temperature. Under these conditions, 
the heat of dilution of the acid is also relatively large, 
and the heat of reaction, calculated as the difference be- 
tween the heat and dilution and the total heat evolved, is 
subject to a larger uncertainty. Nevertheless, the values 
obtained with high concentrations of acid are probably not 
subject to an error of more than two or three hundred 
calories. They appear entirely consistent with the value 
reported here; the higher value of Speakman and Stott 
refers to 0° while the value obtained by the titrimetric 
method of the present paper is the average of a very low 
ralue at 25° and an appreciably higher value at 0°. 


It should be pointed out that the measurements made by 
Speakman and Stott were not interpreted by these authors 
as heats of dissociation of the carboxyl groups, but rather 
as the heats of reaction of the basic (amino) groups with 
acid. Since the value obtained was very much lower 
than the value which usually characterizes the neutraliza- 
tion of a base by an acid, Speakman and Stott concluded 
that the value was so low as to indicate that the basic 
side chains of wool were not free but were combined with 
acid side chains to form salt linkages, as these authors had 
previously suggested. However, since wool is an ampholyte 
and in the uncombined form a dipolar ion as well, it is 
clear that the heat measured was not analogous to the heat 
of neutralization of a base by an acid, but to the heat of 
association of hydrogen ions with carboxylate ions and 
that hence the results obtained provide no evidence either 


for or against the existence of salt linkages.* It is evident 





*The values obtained by Speakman and Stott with monochloro- 
acetic acid are essentially the same as with hydrochloric acid 
over the part of the titration curve in which the amounts of mono- 
chloroacetic acid combined at a given pH are the same as the 
amounts of hydrochloric acid combined, but much lower values of 
A H are obtained at high concentrations of the partially dissociated 
acid, when large excess amounts of acid are bound. This indicates 
that the heat of combination of wool with the excess acid is very 
low, or zero. Direct measurements of the heat of combination of 
this excess acid now in progress in this laboratory show that 
this is indeed the case. 
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that calorimetric measurements of the heat of combination 
of wool with base, had they been made, would have led 
Speakman and Stott by the same process of reascning 
to a different set of conclusions. 


4. Significance of the Heats of Dissociation 

The estimated values of A H reported in this paper 
have been calculated by assuming that when the pH values 
at which a fixed amount of base is bound at two different 
temperatures are compared, under certain conditions 
A pH = — A log K. The justification for relating 
A pH to a change in the logarithm of a hydrogen ion 
dissociation constant characterizing a single set of dis- 
sociating (acid) groups in the conventional formulation 
of the dissociation equilibria for a dissolved protein has 
already been cited and discussed. It remains to enquire 
whether this method of analysis is equally valid for the 
theory of the titration curve of wool presented in an earlier 
paper*®, which assumed that anions of the acids used, as 
well as hydrogen ions are only partially dissociated from 
the protein.t In terms of this theory, the positions of the 
curves of acid combination, with respect to the pH axis, 
are determined not by log K, where K is a conventional 
hydrogen-ion dissociation constant, but, to a high degree 
of approximation, by log Ky’ Ky’ where Ky’ is the 
hydrogen-ion dissociation the 
equilibrium, 


constant characterizing 

WHCl2 WCI + Hr, (2) 
and Ky,’ is the constant characterizing the dissociation 
equilibrium, 

WCI 2 W+ + Cr, (3) 
in which W= represents wool in the uncombined state, and 
the other symbols have their familiar chemical significance. 
The position of curves obtained in the absence of salt is 
determined approximately by 2 log Ky’ Ky’ rather than 
by log Ky’ Ky’®. 

It is apparent therefore that in the presence of a constant 
anion concentration, AV pH represents the sum of A log 
Ky’ plus A log K,4’. In the absence of salt it is approxi- 
mately equivalent to one-half of this quantity. Thus, the 
heat of dissociation calculated by inserting — A pH in 
place of + A log K in the Van’t Hoff equation is actually 
the sum of two heats of dissociation, associated with re- 
actions (2) and (3). 

It is of interest to determine what part of the total heat 
effect is to be attributed to each of the two constituent 
equilibria. An estimate of the distribution may be made as 
follows: It has been shown that at high concentrations oi 
chloride the position of the titration curve with respect to 
the pH axis is practically independent of K,4’. The effect of 
temperature on the midpoint pH of curves obtained under 
these conditions must therefore be attributed in its entirety 
to an effect upon Ky’. This effect has been estimated 
(Table 3) as some 2,500 calories. 


Since the effect of 





*This theory, originally proposed to explain the large scale 
effects of the concentration of added neutral salts on the position 
of acid-combination curves for wool on the pH axis, has since re 
ceived additional support®. 
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temperature upon Ky’ must be invariant, regardless of 
whether or not salt is present, a contribution to A pH in 
the absence of salt of approximately one-half the amount 
found at high concentrations must be ascribed to the 
temperature effect on this constant. This contribution to 
A pH, about 0.08 units, also happens to be just half of the 
total effect of temperature (expressed as A pH) found 
when salt is absent. Since the remaining half of the pH 
shift produced by a change in temperature under these 
conditions must be ascribed to the effect of temperature 
upon Ky’, it is clear that the heats of dissociation of 
hydrogen ions and of chloride ions are approximately 
equal, and that the sum of the heat changes associated 
with the two sets of equilibria (2) and (3) is roughly 
double the values calculated from A pH under either set 
of conditions. 

In drawing conclusions from a comparison of the 
numerical results obtained in this investigation, or by the 
calorimetric method of Speakman and Stott, with those 
reported for amino-acids and proteins in solution, a certain 
caution is desirable. The reaction of dissolved acid with 
a dissolved ampholyte involves only changes in heat con- 
tent which may be described as heats of reaction and 
heats of mixing (the latter is small). The reaction of 


dissolved acid with wool involves in addition a heat change 
equivalent to a heat of adsorption or a heat of condensation 
in that quantities of acid are transferred from a large 
volume, that of the aqueous phase, to a small volume, that 
of the fiber. 


Thus the total reaction may be separated into two steps: 


(H*) aq = ( ") wool (4) 
(H*) woo + WCOO- = WCOOH (5) 
in which the first equation represents the transfer of ions 
to the wool phase, and the second represents the reaction 
of the ions with the groups in wool which combine with 
them. The heat effect estimated by substituting — A pH 
for A log K in the Van’t Hoff equation represents the 
sum of the heat changes involved in the two equilibria rep- 
resented in eqs. 4 and 5 rather than the heat of dissociation 
corresponding to eq. 5 alone. The latter can only be 
obtained by estimating, if possible, the heat change cor- 
responding to eq. 4 and subtracting it from the total heat. 
The magnitude of the heat of the transfer represented in 
eq. 4, which is brought about at the expense of the chemical 
potential energy of the reactants, may be estimated by 
calculating the entropy change at equilibrium from purely 
geometrical considerations, if it is assumed that there is 
no important difference between the two phases with 
respect to the degree of interaction within them of the 
ions with one another, or with the solvent. This calcula- 
tion may be made with sufficient exactness for the present 
purpose from the approximate relation 
Vaa 
A S = nRT In (6) 

. Vw 
in which n is the number of moles compressed into the 
volume of the wool phase Vw from the volume of the 
aqueous phase Vag, and A S is the entropy change. This 
simplified equation leaves out of account the entropy 
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change contribution from the dilution of the hydrochloric 
acid remaining in the aqueous phase at equilibrium, but 
when the acid is initially more dilute than 0.01 M, under 
the conditions of the present experiments, the final con- 
centration is so low as to make this contribution small.* 
No distinction is made in this method of treatment between 
the molal entropy change between the initial and final states 
and the molal entropy change for an infinitesimal change 
at equilibrium, although it is only the latter which, mul- 
tiplied by T, may be equated to A H in any actual system. 
In the present case only the entropy changes inherent 
in the dimensions of the system, and therefore only those 
characteristic of an ideal gas, are under consideration; 
therefore the two molal entropies cited will be identical. 

Substituting in eq. 6 numerical values from representa- 
tive experiments in which low initial concentrations of acid 
were used and which therefore correspond fairly closely to 
the standard state conditions at which A H is defined, the 

Vaa 
ratio becomes very nearly 100, and T A S (= A H) 
V wool 
at O° C. is approximately 2,500 calories per mole of acid 
transferred. This figure is close to the figure calculated 
from the data in the acid region. Thus, the heat of dis- 
sociation of a hydrogen ion from a carboxyl group in wool 
in the temperature interval 0°-25° C., exclusive of the 
heat of transfer of acid between phases, may be very much 
less than the value reported here, and may even be nega- 
tive, as in the corresponding values obtained by Wyman 
with horse hemoglobin. The fact that the heats of dis- 
sociation obtained from the alkali-combination curves of 
wool are also somewhat higher than the corresponding 
values reported by Wyman is entirely consistent with this 
suggestion. A similar contribution to the effect of tem- 
perature on the pH coordinate of titration measurements 
must be expected in all heterogeneous systems, whether 
they are of such a nature as to be amenable to treatment 
by means of the Donnan membrane equilibrium equations 
or require the type of stoichiometric anion-association 
analysis applied to wool protein by the present authors. 

* * * 

Thanks are due to Dr. R. E. Gibson of the Geophysical 
Laboratory of the Carnegie Institution, Washington, D. C., 
and to Mr. John Beek, Jr., of the National Bureau of 
Standards, for valuable criticism and suggestions. 
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HE manufacture of yarn from casein, as at pres- 
ent conducted, is rather complicated. Experiments 

are still continuing with the idea of arriving at an 
even better fiber, and obtaining new results not only 
through changes in the manufacturing process, but also 
in the spinning and weaving or knitting of the yarns to get 
suitable properties usually of a wool-like nature. 

It is not the idea of the writer to recapitulate in this 
article how the present degree of success was achieved, 
but rather to indicate where future evolutions are still pos- 
sible, going over the present processes with this aim in 
view. 

The production of casein can be divided: (1) the prep- 
aration of textile casein, (2) the preparation of colloidal 
casein solutions, (3) the ageing (maturation) of such 
solutions for obtaining the best conditions for the spin- 
ning, (4) the spinning of the aged casein solutions, (5) 
the complementary treatment of the casein threads, etc. 

PREPARATION OF TEXTILE CASEIN 

The various types of casein on the market are not all 
suitable for producing artificial wool. It is found best to 
prepare a special textile casein in which, contrary to usual 
practice, there is present an excess of acid in the skimmed 
milk used for the purpose in a quantity just enough for 
obtaining a suitable coagulation. To 100 liters of de- 
creamed milk at 20° C. are added 250 c.c. sulfuric acid at 
66° Bé (1.85 specific gravity) diluted with 2250 c.c. water. 
The quantity of acid employed represents an excess of 56 
per cent over the quantity really required for obtaining 
coagulation. If 160 c.c. acid are added at first coagulation 
is complete, by following with 99 c.c. a very fine subdivision 





























*The Textile Manufacturer. 
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of the flakes results. The coagulated casein remains in- 
soluble and can be taken from the skimmed milk. 

In practice the milk used for producing textile casein 
is collected at factories and skimmed, using improved sep- 
arating machines. The liquid is poured into an aluminium 
vessel, which is fitted with stirrer, and having a double 
bottom and double walls, with water circulation maintain- 
ing the temperature at 20° C. One-half of the diluted 
acid is poured into the decreamed milk, placing in move- 
ment the agitator. After a half-hour the rest of the acid 
is added, and stirring continues in order to maintain uni- 
form dispersion of casein in the liquor. No harm results, 
however, if some time elapses between the end of the 
acid addition and the beginning of the warming. 

After completing the warming process the casein is 
removed and is pressed, using hydraulic power, for press- 
ing out the excess water. The casein is then dried on the 
machine, and reduced to the condition of flour to facilitate 
the preparation of solutions. 

Such casein will produce strong, soft textile fibers. For 
softer fibers of greater strength the quantity of acid is 
reduced to 170 c.c. per 100 liters of skimmed milk. For 
even greater softness than in the first case, but at the 
expense of strength, the quantity of acid is increased. 

Textile casein must not be left under conditions likely 
to cause fermentation during the operations following 
coagulation. When it has not been washed and contains 
a high percentage of acid it can be maintained undamaged 
for some days at room temperature, and then if dried 
under suitable conditions there is no difference. On the 
other hand, if the casein is washed, an antiseptic is neces- 
sary to prevent or restrain fermentations that otherwise 
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would easily take place, especially at the beginning of the 
drying and particularly in summer. 

It is expected that by constructing special plants an 
even more satisfactory material for the purpose will be 
obtained with economies in handling costs, milk and acid. 


COLLOIDAL CASEIN SOLUTIONS 

Textile casein is soluble in alkalies after the acid has 
been sufficiently neutralized, and viscous colloidal solutions 
are thus obtained. In practice only caustic soda or caustic 
potash can be used, all other alkaline agents giving un- 
favorable results. For every 100 kilos of dry casein at 24° 
C., 23 liters of caustic soda at 35° Bé. (64° Tw.) are 
required, the quantity being slightly reduced at higher 
temperatures. The temperature influences the viscosity of 
the resulting solutions. Apparently a chemical reaction 
takes place between the casein and the alkali. 

There are possibilities of improvements in variations of 
temperature and chemical agents and the application of 
pressure. Experience has shown that with a fixed quantity 
of caustic soda a higher temperature yields denser solutions, 
with lower viscosity and more rapid ageing properties. 


VISCOSITY AND AGEING 

In practice 24° C. is considered a most suitable tempera- 
ture. Above 35° C. the density becomes excessive, making 
impossible most suitable viscosity for spinning, with some 
danger to quality for the final product. Under 14° C. 
there is excessive delay in maturing, and it is difficult to 
obtain the desired volume of colloidal solution. 

The density of the colloidal solution of casein can be 
increased without affecting the spinning capacity. In 
some cases this is even bettered by using certain special 
dissolving agents which, however, always influence the 
density and content of the colloidal solutions, whatever 
be the temperature of preparation and maturing. 


PREPARATION OF SOLUTION 

The preparation of the colloidal solution can be conducted 
as follows. A given weight of dry broken-up casein is 
placed in a water-jacketed vessel, fitted with stirrer, for 
solution, dilution and maturing. Dry casein, having 10 
per cent of moisture, is poured into 200 liters of water at 
24° C. for every one hundred kilos of casein. After two 
or three hours a solution containing 23 liters of caustic 
soda at 35° Bé. is introduced into the vessel with 37 liters 
of water at 24° C. The mass is stirred vigorously, but 
when the mixture has become uniform the stirring is 
reduced and made intermittent. When the casein has 
been dissolved and the mass has become gradually more 
dense and viscous, the bath is slowly and gradually diluted 
to compensate for the increasing density during the 
maturing. This dilution is conducted after some hours, 
the time depending on the type of casein used, and whether 
the casein has been coagulated with more or less acid. 
When the colloidal solution has reached the desired volume 
and density the temperature of the solution is slightly 
lowered, and it then remains stable for a certain time, 
while possessing the required properties for spinning. This 
is of importance for getting a regular production. The 
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time necessary for the solution, maturing and increase of 
volume of the colloidal casein solution may be varied 
within wide limits. A casein obtained with 250 c.c. of 
sulfuric acid at 66° Bé. per 100 liters of skimmed milk, 
dissolved with the quantities of caustic soda indicated, and 
at 24° C., requires generally 48 hours of maturing for 
reaching a suitable density and viscosity, for the spinning ; 
it requires also a volume from 550 to 600 liters for each 
100 kilos of dry casein employed. If a lower volume is 
desired, all other factors remaining constant, and duration 
of maturing is slightly reduced, and conversely, after 96 
hours, for instance, there is danger to the quality of the 
textile fibers subsequently obtained. 


Some reduction can be secured in the cost of producing 
the solution by using casein containing a small percentage 
of skimmed milk. In this case, the coagulated casein, 
warmed in the skimmed milk liquid, is freed of water 
through bag filters and pressed to reduce its liquid content 
to about 200 per cent of the dry casein to facilitate 
breaking-up of the compressed casein. The casein is then 
placed in the vessel for dissolving and maturing without 
adding water, and the solution of caustic soda at 35° Be. 
is added, fixed with water, for reaching 400 liters (for 
every 100 kilos of casein). 
dry casein. 


The process is then as with 


The diluents that can be added to the colloidal solution 
of casein during the maturing are numerous. Water is 
the chief and cheapest. It can be used with a small quan- 
tity of alkali. Solutions containing a limited quantity of 
sodium sulfate or bisulfate be useful when it is 
wished to increase the density and volume of the colloidal 
casein solutions. Soap solutions act in an identical manner, 
and offer the supplementary advantage of introducing a 
fatty matter in the casein solution. 


can 


Some of these diluents are specially convenient for 
slightly increasing the coagulability of the colloidal casein 
solution. To get a more rapid coagulation of the threads 
carbon disulfide can be introduced. One method is to treat 
soap with the carbon disulfide in the presence of caustic 
soda and of a small quantity of water, warm moderately 
and later add water to obtain a given volume. A calculated 
quantity of the mixture is then put with the colloidal 
casein solution, preferably some hours before spinning. In 
this way three results are obtained: (a) a larger volume 
of the colloidal solution of casein without lowering the 
density; (b) increased coagulability despite the retarding 
action of the soap; (c) the textile fibers obtained later 
a softer handle. The effects can be combined with that of 
glycerine. If it is considered undesirable to introduce fatty 
matter in the casein solution, a caustic soda solution is 
treated with carbon disulfide and can be employed in the 
place of the alkaline solutions for the general treatment. 
The carbon disulfide solution can also be introduced in the 
form of vapor in the colloidal casein solution. 

To the casein solution can be added certain percentages 
of viscose solution, such as used in the production of 
viscose rayon, the addition being made some hours before 
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TRADE 


@ S.0.C.M.A. MEETING 

The regular monthly luncheon meeting 
of the Synthetic Organic Chemical Manu- 
facturers Association of the U. S. was 
held at the Chemists’ Club in New York 
City on Tuesday, October 15th. The date 
of the annual meeting of the association 
was set for Thursday evening, December 
12th, at the Chemists’ Club. The program 
will be announced later. The next general 
luncheon meeting will be held on Tuesday, 
November 12th. 





@ CALCO BULLETIN 

“The Dyeing of Fast Colors on Spun 
Rayon Fabrics” is the title of Technical 
Bulletin No. 570 being distributed by the 
Calco Chemical Division, American Cyana- 
mid Company. This bulletin, prepared by 
Ormond W. Clark of Calco’s Technical 
Service Department, describes in detail the 
methods of dyeing fast colors on spun 
rayon, and on mixtures of spun rayon with 
cotton, linen and acetate. 


The data in this bulletin have been 
compiled in answer to many inquiries 
stimulated by the increased demand for 
better fastness properties for these fabrics. 
Particularly has this demand been felt in 
the sportswear field. In the bulletin Mr. 
Clark discusses various methods of dyeing 
to obtain fast colors. These include the 
pigment pad-jig process, the jig process for 
naphthasol dyes, the jig process for Calco- 
gene dyes and continuous range methods. 

Copies of this bulletin may be had with- 
out cost to those interested. Address re- 
quests for Technical Bulletin No. 570 to 
Calco at Bound Brook, N. J. 


@ AJ.C. DINNER 


The American Institute of Chemists, 
Dr. Harry L. Fisher, President, held an 
informal dinner in honor of its National 
Secretary, Howard S. Neiman, on Friday, 
November first, at The Chemists’ Club, 
52 East 41st Street, New York, N. Y., at 
7:00 o’clock. Brief addresses were made 
by some of the past presidents of the 
Institute. Mr. Neiman has served as sec- 
retary of the Institute since 1928. 
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spinning. The textile fibers obtained then have different 
properties—intermediate properties between those of vis- 
cose rayon and casein synthetic wool. 

In spinning the ripened casein solutions and the mixtures 
the machines and the apparatus used for producing viscose 
rayon are usually employed. The spinning speed varies 
between 80 and 100 meters per minute, in accordance with 
the viscosity of the solutions, these speeds being nearly 


double those usual in spinning viscose. The higher speed 
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@ FIFTY-FOURTH ANNIVERSARY 


The above photograph of Mr. and Mrs. 
W. H. Fieldhouse, taken in California 
upon the occasion of their 54th wedding 
anniversary on August 18th of this year, 
will recall to many of his former friends 
in the textile-chemical fraternity the 
genial personality which was so well 
known to them during his long activity 
in the dyestuff field. During the period 
following the last war, Mr. Fieldhouse 
was Sales Manager for F. E. Atteaux 
& Co. of Boston and, subsequently, Vice- 
President and Sales Manager of Ciba 
Company. That the years have used 
him kindly and have not dimmed his 
sense of humor, is quite evident from 
the typical Fieldhouse smile which graces 
the photograph. His son, C. B. Field- 
house, is now with Ciba Co., Ltd., of 
Canada. 


@ GENERAL RELEASES 

General Dyestuff Corp., 435 Hudson 
Street, New York City, has released cir- 
culars describing the following products :— 

Benzoform Green GA—a direct dyestuff 
which is recommended by the manufac- 
turers for application on cotton and par- 
ticularly on rayon. When aftertreated with 






raised the question of lengthening the time of immersion 
of the filaments in the acid coagulation bath, particularly 
as the casein threads coagulate more slowly and less easily 
than viscose, requiring nearly a double concentration of 
sulfuric acid and a temperature of 52° to 53° C. 
coagulation baths contain often 145 cubic centimeters of 
sulfuric acid at 66° Bé. and 400 grms. of sodium sulfate, 
Aluminium salts are added in some cases, while acetate of 
tin can be useful in some coagulation baths. 


The 





PRODUCTS 


formaldehyde and acetic acid and given a 
slight soaping in the recommended manner 
for Benzoforms, it produces bottle green 
shades said to be of comparatively good 
fastness to washing and dischargeability, 
It leaves acetate rayon effects practically 
white. When aftertreated with chrome and 
formaldehyde, slightly duller shades of 
somewhat improved wash fastness are ob- 
tained. Circular G-201. 

Immedial New Blue FBLA Extra CF~ 
a sulfur color which yields exceptionally 
bright shades of blue. The dyeings are 
said to be distinguished by very good fast- 
ness to light, to washing and to hot press- 
ing and by good fastness to fulling, storing 
and mercerizing. It is recommended by the 
manufacturers for the dyeing of cotton as 
well as rayon in its various forms. It is 
said to possess good solubility and good 
level dyeing properties. It is stated that 
it has no tendency to bronze and may be 
used for dyeing goods to be rubberized. 
Circular G-199, 

Alizarine Blue SAPR—an acid dyeing 
alizarine color which yields bright shades 
of a reddish blue. It is said to possess 
good light fastness and very good level 
dyeing properties. It may be used in the 
production of mode shades in combination 
with other products. Circular G-202. 

Benzoform Grey N—a direct dyestuff 
which is recommended by the manufac- 
turers for application on cotton and, par- 
ticularly, on rayon. When aftertreated 
with formaldehyde and acetic acid in the 
way usual for Benzoforms it produces 
dyeings said to be of good fastness to 
washing, to fresh and salt water, and to 
perspiration. Acetate rayon effects are 
left practically white. Circular G-204. 





@ NYLON PRICE REDUCTION 

A general price reduction on all nylon 
yarns was announced recently by the Nylon 
Division of E. I. du Pont de Nemours 
& Company. The reductions on hosiery 
yarns will amount to 32 cents a pound on 
30 denier yarn, 25 cents a pound on 4 
denier, and 17 cents a pound on 70 denier. 

The principal nylon hosiery yarn price 
adjustments are as follows: 

30 denier, 10 filament, 2 turns: From 
$4.27 per pound to $3.95 per pound. 
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40 denier, 13 filament, 2 turns: From $3.52 
per pound to $3.27 per pound. 
70 denier, 23 filament, 2 turns: From 
$3.17 per pound to $3.00 per pound. 
This price change on nylon yarn, the 
company said, is made in accordance with 
the desire to reduce prices on products as 
yolume increases and manufacturing im- 
provements are achieved. Nylon yarn was 
introduced to the textile trade last January. 


@ COLUMBIA SALES OFFICE 


W. I. Galliher, director of sales of the 
Columbia Alkali Corporation, a division 
of the Pittsburgh Plate Glass Company, 
announced recently the establishment of 
another chemical sales office in the south- 
east in charge of J. R. Simpson of Durham, 
N. C. After February 1, 1941, the office 
will be located at Charlotte, N. C. 

Mr. Simpson, former director of the 
Duke University Appointments Office, was 
graduated from Duke University in 1924 
and since that time has been engaged in 
educational affairs in the North Carolina 
Public School Administration and Duke 
University. 


@ MASED LUBRICANT 

Borne Scrymser Company, manufactur- 
ers of lubricants since 1874, are now 
offering for the lubrication of ball and 
roller bearings on machinery operating at 
temperatures from 0° to 500° F. their 
Mased Lubricant No. 177. At room tem- 
perature it is of a buttery consistency. 
It is claimed that a simple laboratory test 
shows why this new lubricant is superior 
to other greases for the lubrication of ball 
and roller bearings, particularly those op- 
erating under high temperature conditions. 
Place in the center of an electric hot plate, 
a piece about the size of a pea of any grease. 
It will be observed that the grease will 
quickly melt and run away. Under similar 
conditions, Mased Lubricant No. 177 does 
not liquify but retains its buttery-like con- 
sistency. It is stated that Mased Lubricant 
No. 177 has already met with wide ac- 
ceptance for use in the lubrication of 
dryers in the textile industry. 


@ MECHANICAL PROPERTIES OF 
COTTON FIBERS 


The National Cotton Council has an- 
nounced that a comprehensive, critical sur- 
vey of information on the constitution, 
structure, and mechanical properties of 
cotton fibers, conducted under its auspices 
by Dr. R. F. Nickerson at Mellon Institute, 
has been released in the November issue 
of Industrial and Engineering Chemistry, 
one of the official journals of the American 
Chemical Society. This report summarizes 
knowledge that is of high value to cotton 
technologists who seek to adapt cotton to 
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new uses or to improve its serviceability 
in older uses. 

Raw cotton contains about 90 per cent 
of true cellulose, this survey reveals, and 
about 10 per cent of extractable mineral 
and organic matter. The latter consists of 
natural impurities which commercial scour- 
ing and bleaching operations remove before 
the finished cotton goods reach the retail 
market. No other plant yields a raw prod- 
uct so rich in pure cellulose. Cellulose, 
itself, is said to consist entirely of a de- 
hydrated form of the sugar, dextrose. 

Structurally, single cotton fibers, which 
are 1,200 to 4,000 times as long as they are 
thick, are made up of spirally arranged 
layers of tiny filaments that can just be 
discerned with the most powerful micro- 
scopes. Thus, a single cotton fiber is 
analogous in many respects to a yarn made 
from hundreds of separate fibers. Physical 
tests cited in the report indicate that each 
of the hundreds of tiny filaments, or 
fibrillae, behaves as if it were a long chain 
with rigid links. The mechanical proper- 
ties such as strength, extensibility, elastic- 
ity, and plasticity are consistent with this 
minute structure. Like a steel chain, each 
tiny filament has a high strength, low 
extensibility, and considerable flexibility. 
The intact fiber has much the same prop- 
erties as these small filaments of which 
Nature has constructed it. 

In addition to the topics already men- 
tioned, the survey covers numerous others, 
both practical and theoretical, which tech- 
nical men can use to advantage in develop- 
ing further applications of the South’s major 
crop. 

Copies of the full report will be available 
about November 15 to interested specialists 
upon direct application to the National Cot- 
ton Council, Memphis, Tenn. 


@ DU PONT RELEASES 

The Dyestuffs Division of E. I. du Pont 
de Nemours & Company announces the 
following additions to its line: 

Polyform* Scarlet 2GF (P. A. F.)— 
Polyform Scarlet 2GF produces very yel- 
low shades of scarlet which are similar to 
those of Pontamine* Diazo Scarlet A both 
in tone and tinctorial value. Comparable 
with other members of the Polyform group, 
this product yields generally stronger shades 
said to have superior fastness on viscose 
rayon than on cotton. Clear white dis- 
charges are readily obtainable and are said 
to show unusually good fastness to wash- 
ing. Exhausting properties of Polyform 
Scarlet 2GF are satisfactory and it is either 
unaffected or affected only a trace by 
steaming, cross-dyeing and _ perspiration. 

Polyform Blue 2RF (P. A. F.)—Poly- 
form Blue 2RF is particularly recom- 
mended by the manufacturers as a ground 
shade on viscose process rayon which is 
subsequently to be discharged. This dye- 
stuff produces navy blue shades which 


are both redder and brighter in tone than 
those of Polyform Blue BRF (P. A. F.). 
It possesses the fastness to washing which 
is characteristic of the entire line of Poly- 
form colors. However, on cotton the wash 
fastness is not quite as pronounced as on 
rayon, but it is still considered satisfac- 
tory. The fastness to light of medium 
to heavy shades is said to be very good, 
while the shade is noticeably affected by 
brass and iron dyeing equipment. 

Ponsol* Green 2BL Paste—This new 
anthraquinone type vat color is said to be 
a valuable addition to the Du Pont range 
of vat colors because of its exceptional 
fastness to light. It yields a desirable in- 
termediate shade of green and is recom- 
mended for use either alone or in com- 
bination for the production of a diversified 
series of greens and olives on uniform 
cloths, work clothing, awning fabrics and 
similar materials that are subjected to 
hard Ponsol 2BL Paste 


possesses the characteristic fastness prop- 


wear. Green 
erties of the vat color, and is said to be 
particularly resistant to light, peroxide 
bleaching and power laundering with 
chlorine. It is a hot dyeing color which 
may be applied to cotton and viscose proc- 
ess rayon in all forms. This product is 
suitable for application by the pigment-pad 
method and in other types of mechanical 
dyeing equipment since it reduces readily, 
penetrates well and dyes levelly. 

Diagen* Bordeaux MR (Pat.)—Diagen 
Bordeaux MR is a recent addition to the 
line of Du Pont stabilized azoic printing 
colors for cotton. It produces a pleasing 
bordeaux shade which is said to possess 
satisfactory general fastness properties. It 
is stated that it will be of special interest 

xr use on fabrics that are subjected to a 
reasonable amount of laundering inasmuch 
as it is considered very good to chlorine, 
good to power laundering with chlorine, 
fairly good to washing at the boil and 
shows moderate resistance to light. This 
new product is readily soluble, the stability 
of the printing paste is satisfactory and 
the coupling speed of Diagen Bordeaux 
MR is greater than that of the average 
product of this type. 

Diagen Red Violet DR—Diagen Red 
Violet DR reddish shades of 
violet which are similar in strength to those 
Diagen Bordeaux MR, but are consider- 
ably bluer in shade. This azoic printing 
color is said to exhibit good resistance to 
power laundering with chlorine and also 
Its fast- 
ness to light is comparable with that of the 
Bordeaux MR type and when plissé printed, 
it becomes somewhat yellower and duller 
in shade. This new product will be found 
both of interest as a self shade and in 
combination with Diagen Bordeaux MR 
when bluer shades of bordeaux are desired. 


produces 


good resistance to hot pressing. 


*Reg. U. S. Pat. Off. 





° OPEN 


Question 


53—We should be pleased to have information con- 
cerning the block printing of yarn. Also if anyone 
produces special machinery for this purpose and if 
yarn is printed to any extent by this method. We 
should also like to know how extensively block printing 
in general is used in the United States and if there 
are concerns who make a business of manufacturing 
the necessary blocks.—C. C. E. 


Answer—Block printing is done on yarn both in 
skeins or on warps. When done on warps the warp 
is stretched on a long table the same as for printing 
of cloth, transferring the prepared printing paste from 
the block to the material, starting from one end of the 
table to the other end. One or several colors can be 
printed on the warp. When more than one color has 
to be printed they must be put on one at a time, using 
a block for each color. In printing skeins the skein is 
stretched on a small table and the block with the 
printing color is pressed down on the skein first on one 
side, then on the other. In this case also when more 
than one color has to be printed they are put on one 
at a time with a block for each color to be printed. 
An article entitled “Methods Used in Skein Printing” 
appeared in Rayon Textile Monthly in March, 1940. 


F OR U M ee 


To what extent block printing of yarn is done in 
this country is quite problematic. That it is done to 
some extent there is no doubt. Judging by the fre 
quency that question is asked in various textile maga. 
zines there are users and would-be users of printed 
yarn, but it is obvious that whoever is doing that 
kind of work does not advertise it. 


There is today some block printing done, but not to 
any great extent. One such establishment is in 
Hermosa Beach, Cal. The printing is done on linen, 
and cotton woven cloth and on rayon knitted cloth, but 
not on any yarn. Whether it is done by hand blocks 
in any place I really do not know, but I know positively 
that there are at least two machines in this country} 
to print stripes on skeins. It was instrumental in 
building both. A block printing concern was in ex- 
istence before the turn of the century and doing 
business in Paterson, N. J., but has long since goné 
out of business. The business was so erratic and un= 
certain at that time that it was hard to keep a concern 
going doing it. 


However, a dyehouse making a specialty of doing: 
fancy dyeing started doing skein printing with the 
machine I designed but cannot tell whether the con- 
cern is still in existence—Noel D. White. 


e CLASSIFIED ADVERTISEMENTS € 


DYER OF WORSTEDS: 15 years’ experience—7 
years in charge of dyeing and blending of raw stock and 
slubbing for men’s wear. Has been singularly successful 
on Government shirtings, suitings and blankets and pro- 
duction. References. Write Box No. 264, American 
Dyestuff Reporter, 440 Fourth Ave., New York, N. Y. 


WANTED—by Dyestuff Manufacturer. Sales Manager 
for Southern territory. Must be familiar with the trade, 
know colors and textile specialties and their application. 
State in detail experience, age, salary expected, etc. Reply 
to Box No. 265, American Dyestuff Reporter, 440 Fourth 
Ave., New York, N. Y. 


WANTED — COLORIST-CHEMIST: Experienced 
screen printing, silks and rayons, state complete history. 
Large plant offers opportunity for right man. Confidential. 
Write Box No. 266, American Dyestuff Reporter, 440 
Fourth Ave., New York, N. Y. 


632 


SALESMAN WANTED to cover New York, New) 
Jersey and Pennsylvania, selling a full line of textile) 
chemicals, metal and greases. Experienced man] 
preferred. Application only by letter stating details.q 

HAAS-MILLER CORP. 
4th and Bristol Streets 


oils 


Philadelphia, Pa. 


FINISHING PLANT MANAGER: Has specialized 
in men’s wear cottons. Fully familiar with preparatory” 
work, dyeing, printing, finishing and knows the require-] 
ments of the men’s wear trade through years of experi- 
ence. Will accept reasonable connection with plant desiring? 
to enter this type of work or position as assistant in plant} 
already established. Write Box No. 267, American Dye-% 
stuff Reporter, 440 Fourth Ave., New York, N. Y. 


POSITION WANTED: Chemist to supervise the dye] 
ing and processings of rayon, acetate, cotton, also off 
Lastex fabrics—can take charge of chemical control, im-} 
provements, and research. Experience with] 
leading organizations. Write Box No. 268, American | 
Dyestuff Reporter, 440 Fourth Ave., New York, N. Ya 
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